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PIIEFA.TOIIY  NOTE. 


The  objects  of  the  series  of  papers  of  which  the  publication  is  commenced  in  the 
present  volume,  are,  a  systematic  determination  of  the  constants  of  astronomy  from 
the  best  existing  data,  a  re-investigation  of  the  theories  of  the  celestial  motions,  and 
the  preparation  of  tables,  formulae,  and  precepts  for  the  construction  of  ephemerides, 
and  for  other  applications  of  the  results.  The  adopted  policy,  which  is  more  frdly  set 
fbrth  in  the  Introduction,  contemplates  the  subdivision  of  the  work  and  the  publication 
of  each  part  as  soon  as  completed,  in  such  a  way  as  to  render  easy  the  subsequent 
combination  of  the  whole. 

It  is  not  intended  to  include  any  papers  in  the  series  but  such  as  conduce  to  the 
objects  in  view, 
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It  is  well  known  to  all  astronomers  who  have  given  attention  to  the  subject  that 
meridian  observations  of  the  moon  and  planets  are  not  completely  represented  by 
any  of  the  existing  tables,  and  that  the  deviation  of  prediction  from  observation  is 
constantly  increasing.  It  is  true  that,  so  far  as  the  current  requirements  of  astronomy 
are  concerned,  the  state  of  the  case  may  be  considered  as  not  unsatisfactory.  Not 
only  may  the  planets  be  found  and  eclipses  predicted  for  many  years  to  come  by  the 
present  tables,  but,  with  the  exception  of  the  moon,  there  is  every  reason  to  suppose 
that  the  tabular  positions  will  serve  the  purposes  for  which  they  are  immediately  re- 
quired in  navigation  and  practical  astronomy.  But  when  we  take  a  wider  view  and 
consider  the  general  wants  of  science  both  now  and  in  the  future,  we  find  that  in 
the  increasing  discordance  between  theory  and  observation  there  is  a  field  which 
greatly  needs  to  be  investigated. 

If  mutual  gravitation  according  to  the  law  of  Newton  is  the  only  cause  which 
changes  the  motions  of  the  planets,  then  it  is  mathematically  possible  to  construct 
tables  which  shall  represent  observations  with  the  last  degree  of  precision  an  d  through 
any  period  of  time.  It  is  quite  possible  that  the  discordances  alluded  to  proceed  solely 
from  the  imperfections  in  the  mathematical  theory,  and  do  not  indicate  any  unknown 
cause  aflfecting  the  celestial  motions.  But  when  we  investigate  more  closely,  and  seek 
to  ascertain  the  cause  of  such  discordances,  we  find  a  state  of  things  which  renders  it 
impossible  to  draw  any  definite  conclusions  respecting  the  ultimate  possibility  of  rep- 
resenting observations  by  existing  physical  and  mathematical  theories.  This  state  of 
things  has  its  origin  in  the  comparative  brevity  of  the  period  during  which  accurate 
observations  have  been  made,  and  in  the  difficulty  of  conducting,  on  a  systematic  plan, 
mathematical  investigations  having  in  view  the  perfection  of  astronomy. 

One  point  in  which  the  requirements  of  astronomy  difier  from  those  of  physics  is 
that  the  element  of  time  enters  into  the  former  much  more  than  into  the  latter.  The 
experimental  investigation  of  forces  which  act  on  the  surface  of  the  earth  requires  only 
the  time  necessary  to  make  and  perfect  the  experiments.  There  is  no  one  research  of 
which  we  can  say  that  it  will  necessarily  require  a  definite  number  of  years  or  centu- 
ries for  its  completion.  But  since  astronomical  generalizations  rest,  not  upon  experi- 
ments, but  upon  observations,  it  is  always  necessary  to  wait  for  the  recurrence  of  the 
phenomena  on  which  the  conclusions  are  to  depend.  The  main  object  of  investigation 
being  the  forces  which  change  the  motions  of  the  planets  we  must  observe  these  mo- 
tions during  a  sufficient  period  to  make  evident  the  action  of  the  forces.  The  longer 
the  time  which  elapses  the  more  material  we  have  for  reaching  conclusive  results.     It 

is  generally  considered  that  accurate  observations  commenced  with  Bradley  in  the 
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middle  of  the  last  century.  The  period  during  which  they  have  continued  is  therefore 
about  a  century  and  a  third.  But  there  are  many  exceptions  in  the  case  of  different 
classes  of  observations.  The  places  of  the  moon  have  been  traced  backward  with  a 
nearly  modern  precision  through  the  century  preceding  Bradley's  observations,  while 
the  observations  of  the  Babylonians  and  the  Arabs  are  still  of  the  greatest  value  in  the 
lunar  theory.  On  the  other  hand  none  of  Bradley's  instruments  fulfill  the  require- 
ments of  the  present  time,  and  his  observations  were  in  many  cases  extremely  defective 
as  compared  with  our  own.  If,  therefore,  we  attempt  to  learn  what  conclusions  can 
be  reached  in  the  present  state  of  astronomy  we  must  consider  each  object  of  observa- 
tion separately  with  reference  to  its  general  place  in  a  comprehensive  scheme. 

But  time  is  not  the  only  element  which  comes  in.  If  we  are  to  determine  what 
unknown  causes  affect  the  motions  of  the  planets  the  first  step  is  to  prove  that  there  is 
really  a  discordance  between  the  results  of  observations  and  the  results  of  the  theory 
of  gravitation.  The  first  step  towards  establishing  such  a  discordance  is  the  construc- 
tion of  tables  and  formulae  of  which  we  can  say  that  they  are  beyond  reasonable  doubt 
the  results  and  the  only  results  of  the  gravitation  of  the  known  bodies  of  the  solar 
system.  The  necessary  conditions  which  such  tables  and  formulae  must  satisfy  are 
that  they  shall  be  founded  upon  uniform  elements  and  data,  and  that  the  results  of 
employing  the  adopted  elements  shall  be  carried  out  with  all  necessary  precision. 
Now,  not  only  has  this  requirement  never  been  fulfilled,  but  the  effect  of  recent  advances 
in  exact  astronomy  has  rather  been  to  carry  us  away  from  its  fulfillment. 

It  is  scarcely  possible  for  a  year  to  pass  without  some  new  investigation  or  series 
of  observations  which  shall  materially  add  to  the  precision  with  which  we  can  deter- 
mine some  astronomical  constant.  Each  astronomer  who  finds  material  to  be  used  in 
this  way  is  naturally  desirous  of  utiKzing  it  to  its  fullest  extent,  and  is  therefore  under 
a  temptation  to  introduce  each  new  improvement  into  his  investigations  without  respect 
to  their  consistency  with  the  investigations  of  others  which  have  been  made  with  the 
older  data.  Sometimes,  too,  the  object  of  constructing  an  astronomical  formula  is  to 
correct  it  from  time  to  time,  and  the  very  object  of  the  constructor  may  tend  to  destroy 
its  consistency.  A  brief  glance  at  some  features  of  the  existing  planetary  tables  will 
illustrate  the  point  in  question. 

Laplace,  in  the  third  volume  of  his  Mecanique  CelestSy  constructs,  by  the  most 
rigorous  and  comj)lete  methods  then  known  to  science,  a  complete  theory  of  the  plan- 
etary perturbations,  founded  on  elements  and  masses  which  are  quoted  in  Chapter  VI 
of  his  work.  From  his  results  tables  were  constructed  by  Lindenau  and  Bouvard 
during  the  early  years  of  the  present  century. 

In  order  to  give  the  tables  the  required  precision  it  was  necessary  to  correct  the 
elements  by  a  comparison  with  observation.  Thus,  the  new  tables  no  longer  corre 
sponded  to  the  original  formula;  of  Laplace.  Moreover,  the  theory  was  in  many  re- 
spects so  imperfect  that  no  certain  conclusion  could  be  drawn  from  a  comparison  with 
observation.  This  was  notably  the  case  with  the  perturbations  of  the  second  order. 
It  was  therefore  necessary  to  make  a  complete  reconstruction  of  the  theory.  Never- 
theless, such  was  the  labor  and  difficulty  of  constructing  new  tables  that  those  of 
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LiNDENAU  and  Bouvard  remained  the  standards  for  use  in  the  preparation  of  ephe- 
merides  during  nearly  half  a  century. 

The  next  complete  reconstruction  of  the  theories  and  tables  of  the  phmetary 
motions  was  that  of  Leverrier.  His  work  on  this  subject  forms  the  most  important 
part  of  the  fourteen  volumes  which  he  pul)li8hed  under  the  title  Annahs  de  VOhserva- 
toire  de  Paris,     The  first  of  these  volumes  appeared  in  1855,  the  last  in.  1877. 

Some  consideration  of  the  circumstances  under  which  this  great  work  was  car- 
ried out  and  of  the  objects  at  whicli  it  aimed  may  not  be  out  of  place  as  showing  how 
it  happens  that  more  remains  to  be  done  in  the  same  direction.  When  Leverrier 
commenced  his  work,  the  most  striking  feature  which  presented  itself  was  the  imper- 
fections of  the  tables  of  Lindenau  and  Bouvard.  The  formulae  on  which  they  were 
constructed,  though  fully  up  to  the  science  of  the  time  in  which  they  were  formed,  was 
far  behind  modern  requirements  in  generaHty  and  rigor.  Better  bibles  and  formuliB 
constituted  one  of  the  most  pressing  wants  of  exact  astronomy,  lioth  his  position 
and  his  previous  works  marked  Leverrier  as  the  one  tx)  undertake  the  work  of  con- 
structing such  tables  and  formulae.  Naturally  desirous  of  beginning  to  reap  the  results 
of  his  labor  as  soon  as  possible,  he  investigated  the  elements  of  the  planets  and  pub- 
lished the  corresponding  tables  one  or  two  at  a  time.  This  course  did  not  detract  from 
from  his  main  object,  that  of  constructing  improved  planetary  tables.  But  there  .was 
another  object,  the  desirableness  of  which  was  not  immediately  felt,  but  which  must 
be  more  and  more  felt  in  the  not  dista-nt  future,  namely,  the  attainment  of  uniformity 
in  adopted  astronomical  data.  So  far  was  Leverrier  from  aiming  at  this  object,  in  \\s 
entirety,  that  his  tables  do  not,  in  all  cases,  embody  his  final  results.  The  consequence 
is,  that  notwithstanding  that  his  work  makes  a  greater  epoch  in  astronomy  than  any 
of  his  immediate  successors  can  hope  to  make,  it  does  not  wholly  supply  the  wants 
of  science  in  the  immediate  future.  In  many  of  his  tables  large  and  increasing  devia- 
tions from  observation  already  exhibit  themselves.  This  is  most  notably  the  case  with 
the  planet  Saturn,  the  theory  of  which  he  did  not  succeed  in  bringing  to  a  satis- 
factory conclusion.  The  geocentric  places  of  Mars  and  Venus  are  also  largely  in 
error  at  the  time  of  neai'est  approach  to  the  earth.  The  earlier  tables,  those  of  the  Sun 
arid  Mercury,  are  the  only  ones  which  can  be  regarded  as  entirely  satisfactory  in  their 
agreement  with  observations,  with  the  possible  exception  of  Uranus  and  Neptune. 

What  has  been  said  of  Leverrier's  tables  applies  with  yet  greater  force  to  the 
tables  of  Uranus  and  Neptune  by  the  present  writer.  Their  main  object  was  to  supply 
an  immediate  astronomical  want.  The  data  on  which  they  were  found  could  not  be 
regarded  in  any  respect  as  definitive,  nor  were  the  adopted  masses  absolutely  uniform. 
The  formulae  of  perturbations  on  which  they  depend  are  also  such  that  we  cannot  say 
with  certainty  whether  the  deviations  from  observations  which  they  exhibit  arise  from 
any  other  cause  than  the  imperfections  of  the  theories  on  which  they  are  founded. 

Now,  the  material  available  for  the  accurate  determinations  of  the  fundamental 
elements  of  astronomy  has  increased  many  fold  since  the  conclusion  of  Leverrier's 
work  on  the  four  inner  planets.  The  recurrence  of  transits  of  Venus  and  Mercury, 
the  perfection  of  astronomical  insti*uments,  the  employment  of  improved  places  of  the 
fixed  stars,,  the  introduction  of  more  systematic  methods  of  research,  and  the  rein- 
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vestigation  of  older  observations  have  all  combined  to  bring  precise  astronomy  to  a 
higher  plane  than  it  ever  before  occupied.  Supposing  that  their  mutual  gravitation  is 
really  the  only  cause  which  disturbs  the  elliptic  motion  of  the  planets  around  the 
sun,  it  is  now  theoretically  possible  to  construct  tables  of  all  the  large  plan  ets,  except 
Neptune,  from  exact  data,  which  shall  represent  observations  within  their  probable 
erroi-s  until  the  middle  of  the  next  century.  The  desirableness  of  having  such  tal)les 
founded  on  one  consistent  and  fully  elaborated  theory,  hardly  needs  to  be  insisted  on. 
Only  in  this  way  can  it  be  decided  whether  deviations  from  theory  arise  from  its 
imperfections,  or  from  the  action  of  unknown  and,  perhaps,  unsuspected  causes. 

A  more  detailed  survey  of  the  field  will  bring  to  light  other  reasons  for  placing  the 
results  of  past  observations  and  researches  in  such  a  form  that  they  may  be  utilized  in 
the  future. 

We  first  remark  that  the  existing  data  in  the  form  of  observations  lie  in  great 
part  unused,  and  are  in  danger  of  never  being  used,  unless  discussed  and  condensed 
in  such  a  way  as  to  render  them  manageable.  Long  series  of  observations  made 
during  the  present  century  by  eminent  astronomers,  and  with  the  best  appliances,  lie 
idle  in  the  volumes  which  embody  them,  never  having  appeared  in  any  of  the  existing 
tables.  In  order  to  be  utilized  to  the  best  extent  they  need  to  be  rediscussed  l)y 
modern  methods  and  with  modern  places  of  the  fixed  stars.  The  labor  of  doing  this 
is  such  that  we  only  find  it  performed  in  sporadic  cases  by  individual  astronomers. 
One  of  two  courses  must  now  be  adopted.  We  must  either  suff'er  this  great  mass 
of  material,  collected  in  many  cases  by  the  life  labors  of  eminent  observers,  and  pub- 
lished at  great  expense,  to  go  to  utter  waste,  or  we  must  speedily  put  it  in  a  shape 
to  be  utilized  for  present  and  future  purposes.  It  is  true  that  if  nothing  were  to 
be  added  to  the  mass  we  might  safely  leave  it  in  confidence  that  future  astronomers 
would  give  it  more  attention  than  we  have.  But  so  rapidly  does  it  increase  that  it  is 
even  now  entirely  beyond  the  power  of  individual  management,  and  the  longer  it  is  left 
the  less  hope  there  is  that  it  ever  will  be  managed.  The  required  work  must  be  that  of 
an  organization  rather  than  that  of  an  individual.  All  that  the  head  of  an  organiza- 
tion can  do  is  to  plan  the  work,  investigate  the  formulae  and  data  by  which  it  is  to  be 
done,  devise  the  checks  which  are  to  guard  against  error,  discuss  the  results,  arrange 
them  for  the  i)re8s,  and  see  that  every  operation  is  conducted  on  correct  principles 
and  by  the  best  methods. 

Not  only  should  the  work  be  founded  on  all  the  observations  which  it  is  practi- 
cable to  employ  as  its  basis,  but  a  necessary  feature  is  a  utilization,  so  far  as  possible, 
of  all  discussions  by  other  astronomers.  Although  the  work  may  become  less  indi- 
vidual in  character,  it  has  greater  claims  to  consideration  on  the  score  of  embodying 
the  labors  of  the  leading  astronomers  of  the  time. 

On  assuming  the  superintendency  of  the  American  Ephemeris  in  1877,  the  writer 
determined  to  employ  the  resources  at  his  disposal  to  carry  out,  or  at  least  to  enter 
upon,  a  long  cherished  plan  of  executing  the  work  in  question.  No  published  an- 
nouncement of  his  programme  was,  however,  made,  owing  to  the  ease  of  making  such 
a  programme  alongside  the  difficulty  of  executing  it.  There  are,  however,  two  reasons 
for  no  longer  mainbiining  this  reserve.     One  is  that  although  what  has  been  done  is 
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only  a  commencement,  the  prospects  of  being  able  to  carry  it  through  are  fairly  good. 
Both  Congress  and  the  Navy  Department  have  supplied  all  the  assistance  which  has 
been  asked  for,  and  a  force  of  from  eight  to  twelve  computers,  some  of  the  highest 
order  of  mathematical  ability,  has  been  actually  employed  during  the  past  year,  and 
may,  if  necessary,  be  increased  in  the  future.  Another  and  more  cogent  reason  for 
announcing  the  programme  is  that  much  duplication  of  work  may  thus  be  avoided. 
Astronomers  in  other  parts  of  the  world  are  from  time  to  time  undertaking  investiga- 
tions already  in  hand  and  sometimes  announce  their  intention  in  private  correspondence 
where  nothing  has  appeared  in  print. 

This  remark  is  not  made  to  discourage  such  attempts,  because,  owing  to  the  mag- 
nitude of  the  work,  itjs  desirable  to  utilize  all  investigations,  wherever  made,  which  will 
in  any  way  contribute  to  its  completion.  It  is,  however,  essential  that  such  investiga- 
tions should  be  made  in^  such  a  way  as  to  adapt  themselves  to  the  general  plan,  and 
that  they  should  be  completed  so  far  as  practicable.  With  a  view  of  enabling  those 
interested  to  form  the  best  judgment  of  the  situation  a  statement  of  the  unpublished 
work  now  in  hand,  with  a  general  programme  for  its  continuance,  is  here  presented. 

The  theories  of  the  four  inner  planets  naturally  claim  the  first  attention  as  em- 
bodying most  of  the  fundamental  elements  of  astronomy.  This  branch  of  the  work 
includes  not  only  the  masses  of  the  planets  and  the  elements  of  the  respective  orbits, 
but  the  constants  connected  with  the  rotation  of  the  earth  on  its  axis,  namely,  the 
annual  precession,  the  obliquity  of  the  ecliptic  and  its  secular  variation,  the  position  of 
the  equinox  among  the  stars,  and,  indirectly,  the  positions  of  the  fundamental  stars. 
To  these  may  be  added  the  solar  parallax  and  the  mass  of  the  moon,  as  well  as  a  num- 
ber of  quantities  connected  with  those  already  mentioned.  In  the  determination  of 
these  constants  the  plan,  as  already  mentioned,  contemplates  the  utilization  and  com- 
bination of  all  valuable  data. 

Besides  what  is  found  on  the  general  subject  in  the  present  volume  the  following 
works  are  finished  or  in  progress: 

Leverrier's  tables  of  the  Sun,  Mercury,  Venus,  and  Mars  have  been  partially 
reconstructed  with  a  view  of  making  them  more  convenient  in  use.  His  theory,  how- 
ever, remains  unaltered  in  the  manuscript  tables.  A  comparison  of  the  Greenwich, 
Paris,  and  Washington  meridian  observations  of  Mercury  with  those  tables  has  been 
commenced  and  is  approaching  completion.  Similar  comparisons  for  the  Sun,  Venus, 
and  Mars  have  not  been  seriously  commenced,  but  it  is  expected  to  commence  them 
in  the  course  of  the  year  1883. 

A  discussion  of  the  corrections  required  by  the  older  Greenwich  observations  up 
to  1830,  as  published  by  Professor  Airy,  in  order  to  reduce  the  results  to  a  uniform 
system,  is  nearly  completed,  and  is  expected  to  appear  as  Volume  II,  Part  I,  of  these 
Papers. 

General  tiibles  and  formulae  for  forming  the  differential  coefficients  for  correcting 
the  elements  of  the  inner  planets  have  been  prepared,  and  it  is  intended  to  publish 
them  in  the  next  volume. 

Although  the  final  completion  of  the  theories  of  the  other  planets  must  follow  the 
worjc  on  the  interior  planets,  it  is  advisable  to  begin  it  without  delay,  oVing  to  the 
great  labor  which  it  involves.     The  general  perturbations  of  Jupiter  and  Saturn  were 
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therefore  fcikeii  up  by  Mr.  George  W.  Hill  in  1877,  ^^^  they  are  still  unfinished.  It 
is  now  expected  that  Mr.  Hill's  work  will  be  completed  about  the  end  of  1883.  The 
computation  has  been  made  principally  by  the  methods  of  Hansen. 

Much  attention  has  also  been  paid  to  the  subject  of  the  moon's  motion.  The  fii"st 
object  luis  been  the  continuance  of  the  discussion  of  eclipses  and  occultations  previous 
to  1750  up  to  the  present  time.  The  reason  for  laying  so  much  stress  upon  occulta- 
tions is  that  notwithstanding  the  irregularity  with  which  they  are  observed,  their  con- 
siderable accidental  errors,  and  the  labor  of  reducing  them,  they  constitute  the  only 
observations  of  the  moon  which  are  free  from  systematic  error,  and  which  can  there- 
fove  be  used  with  safety  to  compare  the  mean  longitudes  of  the  moon  at  wide  intervals 
of  time. 

Tabular  positions  of  the  moon,  as  well  as  those  of  the  fixed  stars,  are  now  complete 
for  all  the  more  important  occultations  since  1750,  an^  the  reductions  for  parallax  are 
in  pi-ogi-ess.  Should  the  work  not  be  intentionally  delayed  in  order  to  bring  it 
up  to  the  date  at  which  new  tables  of  the  moon  shall  be  actually  constructed,  it  may 
be  expected  that  this  particular  discussion  will  be  terminated  by  the  end  of  1 884. 

Although  the  theory  of  Jupiter's  satellites  does  not  form  an  essential  part  of  the 
proposed  investigjitions,  the  motions  of  the  first  satellite  are  intimately  connected  with 
the  general  subject,  owing  to  the  light  which  they  may  throw  upon  the  question  of 
the  uniformity  of  the  earth's  rotation.  All  the  observed  and  recorded  eclipses  of  the 
satellites  have,  therefore,  been  computed  from  Damoiseau's  tables  up  to  the*  early  part 
of  the  present  century.  The  work  is  discontinued  for  the  present,  owing  to  the 
difficulty  of  intiXKlucing  and  discussing  the  various  coirections  which  will  be  required 
to  the  observations  on  account  of  different  apertures  of  telescopes  employed,  the 
different  distances  of  the  planet  from  Jupiter,  etc.  It  is  a  matter  of  regret  to  me,  as  it 
must  be  to  all  astronomers  interested  in  this  matter,  that  Mr.  Glasenapp  has  not 
continued  the  very  thorou<2:h  discussion  of  observations  of  these  satellites  which  he 
published  some  six  years  ago. 

An  essential  and  very  laborious  and  difficult  part  of  the  work  is  that  of  preparing 
foruuihv  and  tables  for  computing  the  general  [>erturbations  of  all  the  planets,  A 
pri>bleni  which  has  taxed  the  powers  of  the  greatest  mathematicians  of  modern  times, 
and  the  solution  of  which  is  still,  after  all  their  work,  in  an  unsatisfactory  state,  is  one 
which  the  writer  feels  most  hesit^itiou  in  approaching.  He  has,  however,  devised  a 
method  which  he  ho}>es  may  prove  convenient  in  practice  for  the  general  develop- 
ment of  the  disturbing  function  and  its  derivatives.  Whether  any  improvements  can 
be  devisetl  in  the  method  of  integrating  must  be  left  to  the  future. 

In  the  future  work  it  is  intended  to  combine  the  data  in  a  way  different  from  that 
generally  adopted.  When  all  four  of  the  inner  planets  are  considered  together  it  is 
possible  greatly  to  strengthen  the  results  on  s{)ecial  points.  An  example  of  this  is 
afforded  by  the  relation  of  observations  on  Mercury  and  Venus  to  the  obliquity  of  the 
ecliptic  and  the  position  of  tlie  equinox.  Hitherto  these  quantities  have  been  made  to 
depend  solely  upon  observations  of  the  sun.  Were  the  sun  a  point  of  light  which  could 
he  observed  in  tlie  siime  way  as  a  fixed  star,  the  residts  from  this  metliod  would  be  so 
far  beyond*  doubt  that  we  should  have  no  occ^on  to  look  further.     But  there  are 
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several  causes  wliich  diminish  the  vaUie  of  sohir  ol)servations.  In  tlie  lii*st  place,  the 
sun  being  a  round  body  and  not  a  point  of  light,  it  is  well  known  that  large  pei-sonal 
differences  exist  in  the  observations  of  its  position  by  different  observers.  Again,  it  has 
always  to  be  observed  at  mid-day,  when  the  atmosphere  is  most  disturbed  by  its  rays, 
and  when  the  roof  of  the  observing-room  is  heated  from  the  same  cause.  Moreover, 
there  is  always  more  or  less  danger  of  systematic-  deformation  of  the  instrument  pro- 
duced by  the  concentration  of  the  solar  rays  in  the  focus.  It  is  therefore  impossible 
to  view  observations  of  the  sun  without  a  strong  suspicion  of  systematic  errors  existing 
among  them. 

Now,  geometrically  considered,  observations  of  Mercury  may  be  utilized  for 
determining  the  position  of  the  earth's  orbit  relative  to  the  equator  almost  as  well  as 
observations  of  the  sun  itself.  If  we  supposed  the  elements  of  the  orbit  of  Mercury 
perfectly  known  it  would  he  easy  to  reduce  each  observation  of  Mercury  to  the  center 
of  motion.  But  since  the  elements  of  the  planet  are  to  be  considered  unknown,  the 
question  arises  whether  these  elements  and  those  of  the  earth's  motion  can  be  inde- 
pendently determined,  That  they  can,  to  a  certain  extent,  will  be  evident  by  the 
following  considerations. 

Let  us  imagine  the  observer  to  be  in  any  fixed  position  on  the  orbit  of  tlie  earth, 
and  to  observe  Mercury  from  time  to  time  through  several  revolutions  around  the 
sun.  It  is  evident  that  from  these  observations  the  orbit  of  the  planet,  and  the  posi- 
tion of  the  observer  relative  to  it,  could  both  be  determined.  By  supposing  him  to 
move  around  the  earth's  orl)it  to  different  positions,  and  to  repeat  the  determinations, 
we  see  that  any  number  of  separate  determinations  of  the  elementtj  of  the  planet  could 
be  made.  Tlie  several  determinations  would  then  be  combined  and  reconciled  by 
attributing  suitable  elements  to  his  own  motion  around  the  earth's  orbit. 

This  is  substantially  the  actual  case  except  that  the  observations  from  any  one 
point  of  the  earth's  orbit  do  not  embrace  the  whole  orbit  of  Mercury,  but  only  those 
portions  of  it  not  very  near  the  points  of  conjunction  with  the  sun.  Although  this 
circumstance  detracts  from  the  completeness  of  the  determinations  it  does  not  detract 
from  the  accuracy  with  which  the  main  problem,  that  of  the  obliquity  of  the  ecliptic 
and  position  of  the  equinox,  can  be  solved.  It  is  therefore  possible,  from  meridian 
observations  of  Mercury  alone,  to  obtain  the  principal  elements  of  the  earth's  orbit 
around  the  sun,  including  the  absolute  longitude  of  the  sun  itself,  and  hence  a  separate 
determination  for  the  position  of  the  equinox.  It  is  true  that  some  of  the  elements, 
especially  the  eccentricity  and  longitude  of  the  perihelion,  may  prove  to  have  small 
weight,  but  this  is  because  what  is  most  accurately  given  by  the  observations  will  be 
a  linear  function  of  the  corrections  to  these  elements.  But  even  such  a  result  will 
furnish  valuable  data  for  the  final  values  of  the  necessary  quantities. 

Nearly  the  same  remarks  apply  to  the  meridian  observations  of  Venus,  and,  to  a 
limited  extent,  to  those  of  Mars.  Indeed  it  is  evident  that  what  is  given  by  planetary 
observations  generally  is  not  the  absolute  position  of  the  planet  but  the  direction  of 
the  line  joining  the  earth  and  planet,  which  direction  is  equally  available  for  the  deter- 
mination of  the  elements  of  either  of  the  two  bodies.  Whether  it  is  advisable  to  em- 
ploy it  in  determining  both  sets  of  elements  must  depend  upon  circumstances.     If  it 
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were  possible  to  determine  the  solar  elements  by  observations  of  the  sun  with  an 
accuracy  far  exceeding-  the  joint  determination  by  observations  of  the  planet,  the  latter 
might  be  entirely  omitted.  But,  for  reasons  already  pointed  out,  this  is  far  from  being 
the  case.  It  seems  better,  therefore,  under  the  circumstances,  to  ascertain  what  func- 
tions of  the  corrections  to  the  two  sets  of  elements  can  best  be  determined  from  obser- 
vations of  the  planets,  and  to  supply  whatever  is  weak  in  the  combination  by  obser- 
vations of  the  sun  itself 

In  theory,  ol)servations  of  the  moon  might  also  be  utilized  for  an  absolutely  inde- 
pendent determination  of  the  ecpiinox  and  of  the  obliquity  of  the  ecliptic.  In  fact  the 
mean  orbit  of  the  moon  during  a  period  of  one  revoUition  of  the  node  is  the  ecliptic 
itself,  and  therefore  exact  observations  of  its  jjosition  through  one  period  will  give  the 
position  of  the  ecliptic.  But  the  rapid  motion  of  the  moon  in  declination  when  near 
either  equinox  introduces  a  large  probable  systematic  error  into  the  measures  made 
upon  it  at  any  definite  moment.  No  weight  can  therefore  properly  be  assigned  to  a 
position  of  the  equinox  by  meridian  observations  of  the  moon.  The  obliquity  derived 
from  such  observations  may,  however,  be  worthy  of  more  consideration. 

The  position  of  the  sun  among  the  stars  may,  however,  be  determined  through 
the  aid  of  the  moon  with  a  considerable  approach  to  precision.  The  direct  compari- 
son of  the  sun  and  stars  through  the  sidereal  clock  is  uncertain,  from  the  causes  already 
pointed  out,  namely,  the  effect  of  the  sun's  .rays  in  disturbing  the  air  and  instruments, 
and  personality  in  observing  a  limb.  Now,  by  observations  of  eclipses,  especially  at 
the  beginning  and  ending  of  totality,  the  exact  moment  when  the  sun  and  moon  are  in 
conjunction  is  determined  with  great  precision.  ]iy  observations  of  occultations  the 
mean  position  of  the  moon  among  the  stars  is  determined  with  yet  greater  precision. 
Hence,  by  a  combination  of  the  two  we  have  a  result  for  the  position  of  the  sun  among 
the  stars  which  may  possibly  be  entitled  to  considerable  weight.  It  is,  however,  a 
drawback  to  the  method  that  few  observations  of  eclipses  having  any  claim  to  precision 
were  made  between  1720  and  1800,  while  those  made  before  1720  are  of  course  sub- 
ject to  more  or  less  suspicion  of  systematic  error. 

It  is  worthy  of  note  that  this  method  of  determining  the  position  of  the  sun 
among  the  stars  is,  in  principle,  that  adopted  by  Hipparchus  and  Ptolkmy. 

The  above  are  the  leading  features  in  which  the  plan  of  the  proposed  work  diflers 
from  thnt  hitherto  followed.  The  objects  are  also  somewhat  different,  in  that  they  in- 
clude a  basis  for  future  conclusions  as  well  as  the  determination  of  astronomical  con- 
stants and  the  construction  of  new  tables.  It  is  hoped,  should  the  work  be  completed 
on  the  proposed  plan,  that  for  a  miscellaneous  and  frequently  inconsistent  combination 
of  astronomical  constants  there  will  be  substituted  a  consistent  set,  and  that  the  result 
of  this  substitution  will  be  to  make  it  easy  to  determine,  from  any  future  deviation 
between  theory  and  observation  which  may  show  itself,  in  what  direction  we  are  to 
look  for  the  cause. 

SIMON  NEWCOMB. 

Washington,  1882,  Sept^^mher  16. 
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The  following  paper  presents  a  new  tlieory  of  the  recurrence  of  solar  eclipses, 
founded  on  some  hitherto  unnoticed  properties  of  the  1 8-year  eclipse  cycle.  This 
theory  lias  been  utilized  in  the  formation  of  tables  whereby  the  solar  eclipses  of  any 
class  which  have  occuiTcd  durinjr  the  past  twenty-five  centuries,  or  are  to  occur 
during  the  next  five  centuries,  may  be  determined  and  approximately  computed  with 
great  rapidity,  'i^he  tables  are  founded  on  the  mean  motions  and  other  elements  of 
the  sun  and  moon  given  in  Hansen's  Tables,  the  mean  motion  of  the  moon  and  of 
its  nodes  being  con-ected  to  accord  with  the  results  deduced  in  the  author's  Researches 
on  the  Motion  of  the  Moon. 

In  the  concluding  section,  the  eclipses  most  remarkable  for  the  duration  of  total 
phase  are  pointed  out,  and  the  conditions  for  their  occuiTcnce  briefly  discussed. 

A  considerable  part  of  the  work  of  constructing  the  tables  has  been  performed 
by  Mr.  John  Meier,  assistant  in  this  office. 
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THE  RECURRENCE  OF  SOLAR  ECLIPSES. 


§  I. 

GENERAL  THEORY. 


It  has  been  known  from  ancient  times  that  eclipses  both  of  the  sun  and  moon 
generally  repeat  themselves  in  a  cycle  of  18  years  and  11  or  12  days,  known  as  the 
Saros.  This  cycle  is  due  to  the  circumstance  that  242  revolutions  of  the  moon  rel- 
atively to  either  of  its  nodes  require  nearly  the  same  period  with  1 9  revolutions  of 
the  sun  relatively  to  the  same  node.  The  time  required  for  either  of  these  returns  is 
6585-  days.  Hence,  if  we  note  the  relative  positions  of  the  sun  and  moon  at  any  mo- 
ment, and  then  count  forward  through  this  period,  we  shall,  at  the  end  of  it,  find  them 
jp.  nearly  the  same  position,  both  relative  to  each  other  and  relative  to  the  node.  If 
we  start  from  the  centre  of  an  eclipse,  when  the  two  bodies  are  nearly  in  the  same 
straight  line,  we  shall,  at  the  end  of  the  period,  find  another  eclipse  very  similar  in  its 
character.  This  relation  affords  a  very  simple  and  easily  applied  method  of  finding 
the  series  of  eclipses  which  occur  during  any  period  of  18  years,  from  those  which 
occurred  during  the  cycle  previous 

There  are,  however,  two  remarkable  chance  relations  connected  with  the  Saros, 
which,  so  far  as  I  know,  have  never  been  remarked,  and  without  which  the  period 
would  not  have  served  the  purpose  of  foreseeing  eclipses  so  well  as  it  actually  does. 
The  cycle  takes  account  only  of  the  mean  motions  of  the  sun  and  moon.  But  in  con- 
sequence of  the  eccentricity  of  the  orbits,  the  sun  may  be  2  degrees  on  either  side  of 
its  mean  place  and  the  moon  5  degrees.  The  relative  position  of  the  two  bodies  may 
therefore  vary  7  degrees  from  their  mean  position  at  any  time ;  this  extreme  variation 
would  change  the  time  of  an  eclipse  by  half  a  day  and  the  distance  from  the  node  at 
which  it  occurred  about  2  degrees.  If  the  xjorresponding  eclipses  in  two  successive 
cycles  were  subject  to  these  independent  variations,  their  circumstances  might  differ 
so  widely  that  the  recurring  eclipse  would  difler  considerably  from  its  predecessor, 
and  might  be  nearly  a  day  later  or  earlier  than  the  mean  length  of  the  cycle  in  its 
recurrence.  A  partial  eclipse  might  fail  entirely  to  recur,  and  a  total  one  might  become 
partial  at  the  first  recurrence  and  then  total  again  at  the  second  one.  But,  {us  a  matter 
of  fact,  the  irregularities  of  this  class  are  reduced  almost  to  nothing  by  two  other  remark- 
able relations.  At  the  end  of  a  Saros,  not  only  are  the  sun,  the  moon,  and  the  node 
found  nearly  in  their  original  relation,  but  the  mean  anomaly  of  the  moon  has  also 
the  same  value  to  less  than  3  degrees,  and  the  mean  anomaly  of  the  sun  to  some  1 2 
degrees.     There  is  no  a  priori  reason  that  this  should  be  the  case  :  it  arises  only  from 
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the  fact  that  1 8  years  is  a  close  multiple,  not  only  of  the  times  of  revolution  of  the  sun 
and  moon,  but  also  of  the  times  of  revolution  of  the  moon's  node  and  perigee.     The 
following  is  a  more  exact  statement  of  the  changes  at  the  end  of  the  Saros.     Taking 
as  a  period  the  time  required  for  223  lunations,  the  changes  in  the  elements  at  the  end 
of  the  period  will  be  as  follows : — 

In  the  argument  of  latitude,    --------     —  28'.6 

In  the  moon's  mean  auQmaly,  --------     —    2^.83 1 

In  the  sun's  mean  anomaly, +  10^.494 

In  the  distance  of  the  lunar  perigee  from  the  node,    -     +    2^.353 
In  the  distance  of  the  solar  perigee  from  the  node,   -     —  io°.97i 

In  consequence  of  the  minuteness  of  these  changes,  not  only  the  mean  place  of 
the  moon,  but  all  its  larger  inequalities,  will  return  nearly  to  their  original  values  at 
the  end  of  the  period.  This  will  hold  true,  not  only  with  respect  to  the  time  of  the 
eclipse,  but  also  with  respect  to  its  character,  since  the  parallax  and  semi -diameter  of 
the  moon  must  also  retiun  nearly  to  their  original  values.  If  the  eclipse  is  of  a 
remarkable  character  with  respect  to  duration,  the  corresponding  ones  of  succeeding 
cycles  will  be  of  the  same  character. 

An  interesting  illustration  of  this  fact  is  found  in  a  series  of  total  eclipses  now  in 
progress,  namely,  those  of  1850,  1868,  1886,  etc.,  in  which  the  duration  of  totality  is 
greater  than  in  any  others  which  have  occurred  for  several  centuries.     This  series  will^ 
be  investigated  in  the  course  of  the  present  paper. 

Owing  to  the  mean  retrocession  of  28'  from  the  node  in  each  cycle,  the  corre- 
sponding eclipses  in  successive  cycles  are  subject  to  a  progressive  change.  A  series  of 
such  eclipses  commences  with  a  very  small  eclipse  near  one  pole  of  the  earth.  Grad- 
ually increasing  for  about  eleven  recurrences,  it  will  become  central  near  the  same 
pole.  Forty  or  more  central  eclipses  will  then  recur,  the  central  line  moving  slowly 
toward  the  other  pole.  The  series  will  then  become  partial,  and  finally  cease  entirely. 
The  entire  duration  of  the  series  will  be  more  than  a  thousand  years.  A  new  series 
commences,  on  the  average,  at  intervals  of  thirty  years. 

It  follows  from  this  that  all  eclipse^  may  be  divided  into  sets,  the  separate  eclipses 
of  each  set  being  separated  by  intervals  of  one  18-year  cycle,  and  extending  through 
sixty  or  seventy  cycles.  Moreover,  from  the  elements  of  the  central  eclipse  of  each 
set,  those  of  any  other  of  the  same  set  may  be  readily  found  by  applying  the  changes 
corresponding  to  the  number  of  intervals  which  separate  it  from  the  central  one.  It 
is  now  proposed  to  utilize  this  circumstance  by  the  formation  of  a  series  of  tables,  by 
which  the  approximate  elements  of  any  solar  eclipse  between  the  years  B.  C.  700  and 
A.  D.  2300  may  be  found  with  a  few  minutes'  calculation,  and  by  which  any  such 
eclipse  occurring  during  this  period  may  be  promptly  identified.  The  principles  on 
which  the  most  important  of  these  tables  are  constructed  may  be  readily  compre- 
hended by  a  conception  of  movable  conjunction  points  reached  in  the  following 
manner. 

Let  us  suppose  the  mean  motions,  n  and  n\  of  two  bodies,  planets  for  instance, 
revolving  round  a  common  centre,  to  be  so  related  that 

i'  n  —  inf  =  Oj 
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i  and  i'  bejng  integers.  Then,  i'  revolutions  of  the  first  will  require  the  same  period 
as  i  revolutions  of  the  second,  so  that  at  the  end  of  this  period,  which  we  may  call  P. 
they  will  have  returned  to  their  original  positions.  During  the  period  P  they  will 
have  been  in  conjunction  i  —  i'  times  at  the  same  number  of  equidistant  points  of 
either  orbit.  Every  subsequent  mean  conjunction  will  occur  at  these  same  points. 
We  shall  call  them  conjunctimi  points,  and  shall  represent  their  number,  i  —  i',  by  v. 

If  we  suppose  these  points  to  be  numbered,  in  the  order  of  longitude,  o,  i, 
2  ....  y  —  I,  and  suppose  the  two  bodies  to  start  out  from  the  point  o,  the  number  of 
revolutions  which  each  body  must  severally  make  to  reach  the  point  p  will  be  found 
by  solving  the  indeterminate  equation 

i'  x  —  iyzz,  ±i>. 

X  will  then  be  the  entire  number  of  revolutions  of  the  one  planet  and  y  that  of  the 
other  before  the  required  conjunction  will  occur ;  that  is,  the  one  planet  mil  then  have 
passed  over  v  x  +i>  intervals  between  the  conjunction  points,  and  the  other  over  v  y  +i>. 
The  condition  that  these  two  quantities  shall  be  in  the  ratio  i :  i'  gives  the  above 
indeterminate  equation.  In  order  to  avoid  the  ambiguous  sign,  we  may  suppose 
n  >►  n'y  which  will  make  i  >  i'.     This  will  make  the  equation 

i' X  —  iyzup. 

* 

In  what  precedes,  we  have  supposed  the  mean  motions  of  the  two  bodies  to  be 
exactly  in  the  ratio  of  the  entire  numbers  i  and  i\  This  is  never  the  case  in  nature, 
if  we  reckon  the  mean  longitudes  from  a  fixed  point  of  departure;  but  we  may  always 
assign  such  a  uniform  progressive  motion  to  this  point  that  the  condition  shall  be  ful- 
filled. Let  us  put  k  for  the  progressive  motion  required.  The  mean  motions  relative 
to  the  moving  departure  point  will  then  be  n  —  k  and  n' —  k  respectively.  The  condi- 
tion that  these  shall  be  in  the  ratio  i :  i',  or 


gives 


n  —  k i 

V^k-i" 


, i  n' —  i'  n i  w' —  i'  n 

^  —  i  V 


The  conjunction  points,  being  fixed  relatively  to  the  departure  point,  will  have  this 
same  mean  motion  k ;  that  is : — 

By  assigning  to  tJie  v  conjunction  points  the  uniform  mean  motion  k,  the  conjunctions 
of  the  two  bodies  will  always  take  place  at  these  points. 

This  conception  of  movable  conjunction  points  is  of  great  assistance  in  represent- 
ing and  investigating  the  relations  of  the  two  bodies  through  many  revolutions.  For 
instance,  in  the  case  of  Jupiter  and  Saturn,  taking  i  zz  5  and  i'  zz  2,  there  will  be  three 
conjunction  points  having  a  direct  mean  motion  of  489"  per  annum  relative  to  a 
fixed  equinox.  Their  successive  passages  through  a  fixed  point  occur  at  intervals  of 
AB 2 


lO  RECURRENCE  OF  SOLAR  ECLIPSES. 

883  years,  and  we  may  consider  the  great  inequality  between  the  two  planets  as 
depending  on  the  position  of  the  conjunction  points  relative  to  their  perihelia. 

Theoretically,  the  values  of  i  and  i'  may  be  regarded  as  entirely  arbitrary.  But 
to  obtain  the  advantage  of  the  conception,  we  take  them  as  nearly  as  practicable  in 
the  ratio  of  the  mean  motions.  Even  with  this  limitation  we  have  a  choice  of  sys- 
tems, an  increase  in  the  assumed  values  of  i  and  i'  having  the  disadvantage  of  increas- 
ing the  number  of  points  to  be  considered,  and  the  advantage  of  diminishing  their 
mean  motion.  The  most  advantageous  systems  will  of  course  be  found  by  devel- 
oping the  ratio  of  the  mean  motions  as  a  continued  fraction,  and  taking  the  successive 
.converging  fractions  which  approach  to  the  ratio.  Between  two  such  successive  sys- 
tems the  following  relation  subsists : — 

The  interval  between  the  successive  transits  of  the  conjunction  points  of  one  systein 
over  any  one  oftJie  next  higher ,  and  therefore  more  slowly  moving  system^  is  equal  to  the  time 
required  for  the  conjmictions  to  occur  at  all  the  points  of  this  latter  system. 

Commencing  with  the  higher  system,  and  supposing  the  mean  motions  n  and  n' 
to  be  counted  from  a  point  of  this  system,  and  to  be  in  the  ratio  j  :  /,  we  shall  have 

j' n—jn'  -=.  o. 

The  mean  motion  of  the  points  of  the  next  lower  system  relatively  to  the  higher  one 
will  then  be, 

, i  n! —  a  n 

%  —  % 

the  time  required  for  a  complete  revolution  of  the  lower  system  will  be, 

27t  ^  360°  (i  —  i') ^ 
A;  i  n! —  i'  n    ' 

and  the  intervals  between  successive  passages  of  its  /  —  il  points  over  a  fixed  point  of 
the  other  system  will  be, 

2  TT  __     360°    . 

vli      iw' — i!  n  ' 

Since  n  and  n'  are  in  the  ratio  j  :  /,  we  may  put 

n  =  aj, 

which  will  make 

%n  —  e  nz=,{ij  —  i  j) a. 

But,  by  the  properties  of  continued  fractions,  the  value  of  the  coefficient  of  a  in  this 
expression  is  ±  i-  Hence,  the  sign  being  indifferent,  as  expressing  (mly  the  direction 
of  the  motion,  the  interval  between  successive  passages  of  the  conjunction  points 
becomes 

a 
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In  order  that  the  conjunctions  may  occur  at  all  points  of  the  higher  system,  it 
is  necessary  that  the  one  planet  should  make  j  and  the  other  /  revolutions.  The  time 
required  for  this  will  be, 

J  ^.^o      f  ,.^o      360° 

the  same  as  the  interval  just  found. 

Let  us  now  apply  these  methods  to  the  problem  now  under  consideration,  that  of 
the  recuiTence  of  solar  eclipses.     Let  us  put 

Qj  the  mean  anomaly  of  the  moon ; 
5^,  that  of  the  sun ; 

o),  the  distance  of  the  lunar  perigee  from  the  node ; 
G)'^  that  of  the  solar  perigee  from  the  moon's  node ; 
T,  the  number  of  Julian  centuries  after  1800. 

Applying  to  the  elements  given  by  Hansen  {Tables  de  la  Lune,  p.  15)  the  con-ections 
to  the  mean  longitude  and  the  longitude  of  the  node  given  in  my  Researches  on  the 
Motion  of  the  Moan,  p.  268  and  p.  274,  the  numerical  expressions  for  g,  co,  g\  and  ool 
will  become : — 

5r=iio^  19'  32".5o  +  (i325'+7i58o7"98)T  +  45".58T^+o'^05oT3 
CD—  192°    7'  zi^9i+(     i6^  +  8755i2^o7)T  — 44^32  T»— 0^044 T^ 
g'zz.     0°  24'  28".22  +  (   100^—      3392".i8)T—   o^56T" 
G7'=246°  i3'5o^28  +  (       5^  +  489688^09) T -   6^52T'-o".oo7T3. 
Epoch,  +  1800.0,  Jan.  o,  Greenwich  mean  noon. 

^      In  dealing  with  a  subject  of  this  kind,  the  entire  revolution  is  a  more  convenient 
•  unit  than  the  angular  denominations  usually  adopted.     We  therefore  ti^ansform  these 
angles  into  revolutions  and  fractions,  with  the  following  results : — 

^7  =  ^30646026+ 1325^55232097    T 

+        0^00003517    T' 
+        0^000000039  T^ 

a?  =  ^5336743i  +      16^67554944    T 

—  0^00003420   T' 

—  0^000000034  T^ 

5r'=^ooi  13289+   99'.99738258  T 

—  0^00000043  T' 

0)^=^68397398+   5^-37738278  T 

—  o\ooooo503  T' 

—  0^000000005  T^. 
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In  the  coristmction  of  the  present  tables  we  shall  use  the  Julian  calendar,  it  being 
more  convenient  to  change  the  dates  from  this  calendar  to.the  Gregorian  than  to  take 
account  of  the  complexities  of  the  latter^  We  shall  therefore  take,  as  our  fundamental 
epoch, 

1 800,  Jan.    I ,  Greenwich  mean  noon  of  the  Julian  calendar, 

:=  1 800,  Jan.  1 2,  Green^-ich  mean  noon  of  the  Gregorian  calendar. 

Transferring  to  this  epoch,  the  constants  of  the  four  principal  elements  will  become, 

5r,  =  o'.74i96ooo, 

a>,  =  0^53915294, 
/o  =  0^03398624, 
a?',  =  0^68574068, 

while  the  coefficients  of  the  powers  of  T  will  remain  unaltered. 

We  shall  count  the  time  from  this  epoch  in  Julian  centuries  or  in  equal  Julian 
years  of  365.25  days  each.  This  reckoning  of  time  will  hereafter  be  called  a  fictitious 
one  to  distinguish  it  from  the  civil  reckoning.  The  expression  for  the  mean  distance 
of  the  two  bodies  from  the  ascending  node  of  the  moon's  orbit,  which  we  shall  represent 
by  u  and  w',  putting 

will  now  be 

u  =  0^.281 1 1 2,94  +  I342^227870,4I  T  +  0,96  T*  +  0,005  T^ 
11'=  o'.7 1 9726,92  +    105^374  765,36  T—  5,46  T'  — 0,005  T^ 

Tlie  comma  in  these  expressions  is  used  to  cut  off  six  places  of  decimals. 

If  we  differentiate  these  expressions  with  respect  to  T,  and  then  put  T  zz  o  and 
Tz=  —  25,  we  have  the  following  expressions  for  the  mean  motions  from  the  node  at 
the  epochs  —  700.0  and  +  1 800.0 : — 

Epoch,  —  700.0,  +  1800.0, 

Mean  motion  of  u  ,=  //,  1342^227832  1342^227870,41 

Mean  motion  of  vl ,— ti\   105^375028  105^374765,36. 

Developing  the  ratios  of  these  two  quantities  into  a  continued  fraction,  we  have, 

For  —  700.0,  For  +  1 800.0, 

-/  =  1 2  +  -   ,    I  —  =  1 2  +  -      I 

4+- , I  4+ - , I 

3+7  5  +  7,1 

^  +T  +  -. 

2 
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The  several  converging  fractions,  so  far  as  it  is  worth  while  to  carry  them,  are : — 

For  -   700.0 :     ' ',      13,      38      5i,      M.^      rn      2573,     etc. 
'  I  13         4  19         61  202 

For  +1800.0:     'A     ^,      ^^,      ^\      ^n      7^,      i^,      ^,      etc. 

I         I         3         4         19         61'       324'       385' 

Of  these  systems  the  one  which  offers  the  greatest  advantages  is  -^,  which  will  give 

us  223  conjunction  points,  each  having  (i^elative  to  the  node)  a  retrograde  motion  such 
that  it  would,  if  constant,  make  a  revolution  in  about  14,000  years.  This  time,  how- 
ever, varies  with  the  mean  motion  of  the  moon  and  its  node.  From  the  formulae  for 
k,  already  given,  we  find, 

Epoch,  —    700.0:  A:  zz  —  .0007050, 
Epoch,  +  1 800.0 :  A:  =  —  .0007338. 

The  distance  apart  of  two  consecutive  conjunction  points  is, 

K  =  — -  z=  0^004484304  =  I  °.6i435o ; 
223 

and  they  pass  the  node  at  the  following  intervals : — 

At  the  epoch  —    700.0,  interval  =  63^.607  =  785  lunations. 
At  the  epoch  +  1800.0,  interval  =  61^.1 1 1  zz  756  lunations. 

Between  these  two  fundamental  epochs  there  will  be  40  passages  of  conjunction  points 
through  the  node. 

We  next  investigate  the  positions  of  the  conjunction  points  at  the  first  of  these 
epochs.  We  note  that  a  conjunction  (new  moon)  occurred  7*^.0 16 70  before  the  first 
epoch,  when 

ti  =  t^'z=  0^327024 

=  73  K  —  0^000330 


=(-i^)'^- 


We  conclude  that  the  node  is  very  near  the  73d  conjunction  point  back  from  that  at 
which  the  new  moon  just  found  occurred,  and  that  this  point  passed  the  node  about 
^th  of  an  interval,  or  4^  years  before  the  epoch.  We  shall  take  this  as  the  zero  con- 
junction point,  and  count  the  others  in  the  order  of  longitude.  Their  successive  pas- 
sages across  the  ascending  node  will  then  occur  at  the  times  shown  in  the  left-hand 
half  of  the  following  table.  The  intervals  between  consecutive  passages,  as  just 
shown,  will  diminish  from  63^.607  at  —  700.0  to  61^.1 1 1  at  +  1800.0. 
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Passages  of  Conjunction  Points  through  Nodes. 


Cooj. 
Point. 

Ascend. 
Node. 

—  704.83 

Conj. 
Point 

35 

Ascend. 

,      Node. 

Conj. 

Point. 

Descend. 

Node. 

y- 
-  673.03 

Conj. 

Point. 

137 

Descend. 
Node. 

i        865.  M 

896.94   ! 

I 

-  641.35 

36 

■       937.96 

"3 

-  609.50 

■  38 

958.94   1 

1 

-  577.74 

37 

'        989.93 

114 

-  546.03 

139 

1030.87   j 

3 

-  5 '4. 39 

IS 

■      1051.83 

"5 

-  483.60 

140 

1082.74 

4 

-  450-90 

39 

1      it.3  66 

ti6 

-  4'9.*4 

141 

1144.55    : 

S 

-  387.58 

30 

1175.44 

117 

-  3S5.95 

143 

,  1306.30 

6 

-  334.33 

31 

'337.15 

iig 

-  393.73 

143 

1367.97    \ 

7 

-  361.13 

3» 

1398.80 

119 

-   339-55 

•44 

1339-59    ■ 

s 

-  107-98 

33 

,      1360.39 

ISO 

-   166.44 

145 

1391-15 

9 

-   134.91 

34 

1431.93 

131 

-   103.40 

146 

1453.66 

lO 

-     71-90 

35 

1483.39 

133 

-     40.43 

147 

1514.09    , 

II 

-      S.gs 

36 

1544.79 

133 

23.50 

148 

1575-46    ' 

13 

53-94 

37 

1606.13 

134 

85.36 

M9 

1636-77    ; 

13 

116.77 

38 

1667.41 

135 

148.16 

150 

1698.02 

14 

179.54 

39 

J      1738.63 

136 

310.90 

151 

1759.30      ; 

15 

343.35 

40 

1789.78 

137 

373.58 

153 

1830.32     ; 

t6 

3a*. 90 

41 

1850.87 

138 

336.30 

153 

1881.38    : 

17 

367.49 

43 

1911.90 

139 

398.75 

154 

19J3-39      > 

IB 

430.01 

43 

1973,87 

130 

461.14 

155 

3003.33      ' 

ig 

49a -47 

44 

j      3033-77 

131 

533.67 

156 

3064.19      , 

30 

554-87 

45 

3094.61 

133 

.  586.04 

157 

3135. 00      ; 

31 

617. ai 

46 

3155-39 

133 

648.34 

15S 

3185-75      1 

33 

679.48 

47 

33:6.11 

'34 

710.59 

'59 

3346.43      . 

33 

741-69 

4S 

3376.77 

'35 

773.76 

,60 

3307.03      ' 

34 

803. B4 

49 

3337.37 

136 

834-88 

161 

3367.58 

At  the  first  of  the  above  epochs  the  descending  node  will  fall  between  the  1 1  ith 
and  the  1 1 2th  conjunction  point,  and  the  passages  will  occur  midway  between  those  of 
the  ascending  node.     These  times  are  shown  in  the  right-hand  portion  of  the  table. 

A  new  moon  occurs  at  each  conjunction  point  at  equal  intervals  of  223  lunations; 
and,  according  to  the  system  adopted,  eclipses  are  classified  af<'i>tfliii;i'  to  the  conjunc- 
tion point  at  which  they  occur,  those  of  each  series  being  separated  by  intervals  of  223 
lunations.  The  middle  eclipse  of  each  series  will  be  that  which  occurs  nearest  the  time 
when  the  conjunction  passes  the  node :  and  we  now  wish  to  find  when  these  suc- 
cessive middle  eclipses  occur.  We  have  just  seen  that  the  sun  and  moon  were  together 
at  tile  73d  conjunction  point  on  the  7th  day  before  —  700.0.  We  wisli  to  find  when 
they  were  together  at  the  zero  point,  which  is  1 50  points  farther  advanced.  Each  new 
moon  occurs  at  an  interval  of  19  conjunction  points  past  the  preceding  one ;  therefore, 
if  j  be  the  number  of  lunations  required,  we  must  have 


This  gives: — 


19  *=  150  {mod.  223). 
i=  137,  or  i  =  —  86. 
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The  required  conjunctions  at  the  zero  point  are  therefore  the  137th  following  and  the 
86th  preceding  that  of  —  700^  —  7*\  frora  which  we  started.  The  latter,  of  course,  is 
nearest  the  node. 

The  number  of  lunations  between  a  conjunction  at  any  point  and  the  first  follow- 
ing conjunction  at  the  next  point  in  order  is  given  by  the  congruence, 

19^=  1  (mod.  232), 
the  solution  of  which  is, 

We  shall  therefore  have  a  conjunction  at  point  ^  +  i  at  an  interval  of  47  lunations  after 
any  conjunction  at  point  n,  whatever  be  n.  The  intervals  between  consecutive  middle 
eclipses  must  therefore  be  of  the  form, 

223  a; +  47, 

X  being  an  integer.     The  mean  interval  must  be  the  same  as  that  between  two  pas- 
sages of  the  node  over  a  conjunction  point ;  that  is,  785  lunations  about  the  epoch 
—  700.0  and  756  lunations  about  the  epoch  +  1800.0.     The  actual  intervals  are  there 
fore  found  by  putting  xzn  ^  and  a; n: 4,  so  that  they  must  be  either 

716  or  939  lunations. 


§  2. 
DATA  FOR  TABLES  OF  ECLIPSES. 

When  the  possible  solar  eclipses  which  may  have  occurred  during  any  period  are 
to  be  investigated,  it  is  convenient  to  have  tables  by  which  we  can  at  once  find  the 
limits  of  time  within  which  their  occurrence  is  possible.  A  central  eclipse  can  occur 
only  within  eleven  or  twelve  days  of  the  time  when  the  sun  passes  the  moon's  node, 
and  therefore  only  at  the  new  moon  nearest  such  passage.  A  partial  eclipse  may 
occur  at  any  time  within  eighteen  days  of  such  passage :  there  may,  therefore,  be  two 
partial  eclipses ;  one  at  the  new  moon  preceding,  and  the  other  at  the  new  moon  fol- 
lowing, the  passage  of  the  sun  through  the  node.  Our  first  problem  is,  therefore,  to 
find  the  dates  of  passage  of  the  sun  through  the  nodes  of  the  moon's  orbit,  which  gives 
us  at  once  the  middle  of  what  we  may  call  an  eclipse  season  This  is  effected  by 
two  tables,  of  which  the  first  gives  the  dates  at  which  the  ascending  node  has  the  same 
longitude  that  the  sun  has  at  the  beginning  of  the  fictitious  Julian  year,  and  the  sec- 
ond the  changes  in  the  times  of  passage  for  the  1 9  years  following  these  dates. 

The  data  for  the  construction  of  the  first  table  are  as  follows.  Hansen's  longi- 
tude of  the  node,  corrected,  is, 

0  =  33""  16'  3i".i5  -  6962929^61  T  +  8".i9 T^  +  o".oo7  T^, 

Epoch,  -j-  1800.0,  Gregorian  calendar. 
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Reduced  to  the  Julian  epoch,  1 2  days  later,  it  becomes  approximately, 

e  =  32°  38^47  —  I  I6o48^827  T  +  o'.i36 T\ 
The  sun's  mean  longitude  at  the  beginning  of  the  fictitious  Julian  year  is, 

291°  44'  +  46'.i3  T  +  o'.02i  T^. 
The  distance  of  the  node  from  tlie  chosen  departure  point  is, 

100°  54'  —  1 1 6o94'.96  T  +  o'.  1 1 6  T^ 

The  annual  motion  and  period  are. 

Epoch,  —    700.0,         iw  zz  —  1 16 100'. 76 ;         Period  =  18^.60453  • 
Epoch,  +  1800.0,         w  zz  —  I  i6o94'.96 ;         Period  =  18^.60546. 

The  first  passage  through  the  departure  point  after  +  1 800.0  is  at  the  epoch 

1805.2147. 
The  135th  passage  preceding  is  at  the  epoch 

—  706.460. 

The  times  of  the  intermediate  passages  are  then  interpolated  from  the  known  periods. 

Table  II  gives  the  days  of  the  fictitious  year  at  which  conjunctions  of  the  mean 
sun  with  either  node  occur.  The  argument  is  the  interval  which  must  elapse  after  the 
beginning  of  the  year  under  examination  before  the  next  following  conjunction  in 
Table  I.  The  units  of  the  argument  are  on  the  left  hand,  and  the  tenths  on  the  top 
of  the  table.  Eclipses  can  occur  only  near  one  of  the  two  or  three  epochs  found  in 
this  table,  unless  a  conjunction  has  occurred  near  the  end  of  the  year  preceding  or 
shortly  after  the  beginning  of  the  year  following. 

Table  III,  on  the  same  page,  gives  the  reduction  from  the  time  of  mean  to 
that  of  true  conjunction  of  the  sun  with  the  node,  which  reduction  arises  from  the 
eccentricity  of  the  earth's  orbit.  This  table  is  used  only  to  make  more  definite  the 
eclipse  limits  by  enabling  us  to  decide  whether  an  eclipse  could  or  could  not  occur  at 
a  given  conjunction  in  cases  where  the  mean  values  of  the  argument  might  leave 
the  question  doubtful. 

Table  IV  enables  us  to  find  the  moon's  mean  age  at  any  fictitious  Julian  date. 
To  the  fictitious  day  of  the  year  we  add  the  value  of  D  corresponding  to  the  century, 
and  that  corresponding  to  the  year,  and  subtract  the  greatest  nmltiple  of  Period.  We 
may  also  subtract  the  next  greatest  multiple,  and  thus  obtain  a  negative  value  of  D, 
counted  backward  from  the  next  following  conjunction. 

By  taking,  for  the  required  date,  that  of  conjunction  of  the  mean  or  true  sun 
with  the  node,  we  are  enabled  to  judge  whether  an  eclipse  of  given  character  could 
or  could  not  have  occurred  at  the  preceding  or  following  new  moon. 
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Tables  V  and  VI  give  the  approximate  arguments  for  the  central  ecHpse  of  each 
series  from  — 700.0  to  +  2300.0,  a  period  of  thirty  centuries.  To  understand  its  con- 
struction we  call  to  mind  that,  on  the  system  adopted,  the  moon's  orbit  is  conceived  as 
divided  into  223  equal  parts  by  that  number  of  conjunction  points;  that  this  whole 
system  of  points  has  a  very  slow  retrograde  motion  relative  to  the  moon's  nodes,  such 
that  61  years  elapse  between  the  p^issages  of  two  consecutive  points;  that  all  mean 
new  moons  occur  at  some  one  of  these  223  points;  tliat  those  at  any  one  point  are 
separated  by  intervals  of  223  lunations,  or  one  Saros  or  cycle ;  tliat  if  we  isolate  every 
47th  lunation,  we  shall  find  these  isolated  lunations  to  occur  at  consecutive  conjunc- 
tion points  in  the  order  of  longitude* 

When  a  conjunction  point,  by  the  slow  motion  already  described,  approaches 
within  about  18^  of  the  node,  there  will  be  an  ecHpse  of  the  siin  at  every  new  moon 
which  occurs  at  that  conjunction  point.  The  series  of  ecHpses  will  become  central 
within  10°  or  12°  of  the  node,  and  will  continue  unbroken  until  the  conjunction  point 
has  got  18°  beyond  the  node.  We  sliall  thus  have  a  series  of  central  eclipses,  gen- 
erally between  45  and  50  in  number,  with  about  1 5  partial  eclipses  on  each  side  of  it. 
The  total  number  will  generally  range  between  75  and  80.  Since  the  conjunction 
point  moves  about  0^.48  between  the  consecutive  eclipses  of  each  series,  some  one 
eclipse  must  occur  within  0^.24  of  the  node.  This  nearest  eclipse  we  have  sought  to 
take  as  the  central  eclipse  of  the  series ;  but,  in  some  cases,  that  chosen  is  not  abso- 
lutely the  nearest.  The  numbers  in  Tables  V  and  VI  correspond  to  the  eclipse  of  each 
series  chosen  as  the  central  one. 

The  intervals  between  the  passages  of  consecutive  conjunction  points  through 
the  node  are  about  61  years  at  the  present  time,  and  were  63.6  years'  25  centuries 
ago.  This  must  be  the  mean  interval  between  consecutive  central  eclipses.  But 
it  has  been  shown  that  this  interval,  expressed  in  lunations,  is  necessarily  of  the  form 
223  X  +  47,  X  being  an  integer,  and  must  be  either  716  or  939  lunations,  the  former 
being  the  more  frequent  value. 

From  the  mean  motions  already  given  we  derive  the  following  numbers  and 
periods  for  the  two  fundamental  epochs,  —  700.0  and  +  1800.0,  which  have  served  as 
the  basis  of  Tables  V  and  VI. 

Epoch,  —  700.0 ;  +  1 800.0. 

One  mean  lunation,  in  days,       -     -     -  *-     -         29.53059562  29.53058844 

Length  of  Saros,  in  Julian  years,  -     -     -     -         18.02963127  18.02962689 

Length  of  Saros,  in  days, 6585.322823  6585.321222 

Annual  motion  of  mean  anomaly,  in  rev.,       -         13.25550638  13  25552321 

Motion  of  mean  anom.  in  one  Saros,  in  rev.,  -       238.9918923  238.9921377 

Change  of  the  same,  in  degrees,      -----    2.9188  —    2.8304 

Centennial  motion  of  conj.  points,  in  rev.,      -     —   0.007050  —   0.007338 

Centennial  motion  of  conj.  points,  in  degrees,     —    2.5380  —    2.6417 

Motion  of  conj.  points  in  one  Saros,  in  degrees,  0.45758  —    0.47628 

Motion  of  0's  mean  anomaly  in  one  Saros,  in 

•   degrees,       .-.- + 10.4980  -f  10.4947 

Motion  of  0's  mean  long,  in  one  Saros,  in  deg.,     +  10.8025  -f  10.8037 

AE 3 
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The  necessary  explanation  of  the  principal  columns  in  Tables  V  and  VI  will  next 
be  given.  The  conjunction  point  at  which  the  new  moon  of  —  689,  January  20th, 
occurred,  is  arbitrarily  taken  as  the  zero  one.  The  others  are  counted  from  it  in  the 
order  of  longitude.  The  slow  retrograde  motion  of  the  whole  system  relatively  to  the 
node  causes  them  to  cross  the  node  in  the  same  order. 

In  column  T  is  found  the  fictitious  Julian  date  of  the  central  eclipse  of  each 
series,  already  described.  Any  one  of  these  dates  being  found,  the  next  following  is 
derived  by  adding  to  it  the  time  either  of  716  or  939  lunations;  such  intervals  being 
chosen  as  would  keep  the  dates  near  the  times  of  passages  of  the  corresponding  con- 
junction point  througli  the  node.  A  table  of  these  passages  has  already  been  given. 
Near  the  beginning  and  end  of  the  table,  the  regular  order  has  been  deviated  from,  for 
the  reason  that  it  was  supposed  that  there  would  be  no  occasion  to  use  the  tables  for 
epochs  outside  the  limiting  dates,  —  700.0  and  +  2300.0,  while  it  wiis  desirable  to  be 
able  to  compute  all  the  partial  or  total  eclipses  within  these  dates.  Many  of  these 
eclipses  would,  however,  take  place  at  conjunction  points  the  central  eclipse  of  which 
might  take  place  several  centuries  without  the  limits.  Instead  of  choosing  the  central 
eclipse  of  the  series,  one  occurring  near  the  limiting  epoch  was  chosen  in  each  case. 

It  may  also  be  noted  that  the  years  before  Christ  are  reckoned  in  the  usual  astro- 
nomical way  ;  the  year  inmiediately  preceding  the  first  of  the  Christian  era  being  con- 
sidered as  zero,  the  next  preceding  being  —  i,  etc.  The  days  are,  however,  considered 
as  positive ;  so  that  if  we  express  any  one  of  these  dates  in  years  and  fractions,  the 
integer  number  of  years  would  be  one  less  than  in  the  table. 

The  reckoning  of  fictitious  time  throughout  the  table  is  that  already  explained, 
namely,  taking  Greenwich  mean  noon  of  1 800,  January  1 2th,  as  the  epoch,  we  call  this 
epoch  1800.0,  and  count  backward  and  forward  by  years  of  365^  days  each.  The 
days  are,  therefore,  not  always  reckoned  from  noon,  but  from  noon,  6  hours,  12  hours, 
or  18  hours,  according  to  the  number  of  the  year.  A  correction  is  therefore  required 
to  reduce  to  the  time  of  noon,  and,  since  1582,  a  still  further  correction  to  reduce  from 
the  Julian  to  the  Gregorian  calendar.     These  corrections  are  shown  in  Table  XIII  b. 

The  times  of  mean  conjunction  correspond  to  Hansen's  mean  motion  and  secular 
variation,  with  the  coiTCctions  given  in  my  Researches  on  the  Motion  of  the  Moon,  page 
268,*  the  periodic  terms  being  omitted. 

The  times  of  mean  conjunction,  as  given,  are  generally  accurate  to  one  or  two 
units  in  the  last  place  of  decimals,  or  to  8"  or  10''  of  arc  in  the  relative  positions  of 
the  sun  and  moon.  Their  errors,  therefore,  fall  far  within  the  necessary  uncertainty 
of  the  lunar  theory  in  past  and  future  centuries. 

The  moon's  mean  anomaly,  g,  ha.s  been  divided  from  — 180°  to  +180°,  for 
greater  convenience  in  the  selection  of  total  eclipses.  It  is  derived  from  Hansen's 
tables,  applying  the  same  correction  as  to  the  mean  longitudes. 

The  sun's  mean  anomaly,  g\  and  the  mean  longitude,  L,  do  not  seem  to  require 
any  special  explanation. 

The  moon's  mean  argument  of  the  latitude,  ii^,  has  been  derived  from  the  differ- 
ence between  the  date  of  each  central  eclipse  and  the  passage  of  the  conjunction  point 

*  Washington  Observations  for  1875,  Appendix  II. 
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through  the  node,  and  is  equal  to  the  motion  of  the  conjunction  points  during  this 
interval. 

Table  VI,  which  gives  the  mean  elements  for  eclipses  at  the  descending  node,  is 
constructed  on  the  same  principles.  Here  tlie  argument  of  latitude,  w^ —  i8o°,  is  of 
course  counted  from  the  descending  node. 

Table  VII  gives  the  reduction  of  the  arguments  in  Tables  V  and  VI  for  other 
eclipses  of  the  same  series.  In  the  use  of  the  tables  for  calculating  a  particular  eclipse, 
it  is  necessary  to  find  the  date  of  the  central  eclipse  of  the  series  to  which  the  one 
under  consideration  belongs,  as  given  in  Tables  V  and  VI.  This  is  readily  done  by 
the  precepts  given  in  the  tables.  Having  found  the  central  eclipse,  the  elements  for 
the  required  eclipse  are  deduced  by  adding  the  connections  for  the  number  of  periods 
elapsed,  as  given  in  Table  VII#  Owing  to  the  secular  changes  in  the  motion  of  the 
arguments,  these  motions  are  given  for  three  epochs,  namely,  the  year  o,  the  year 
1000,  and  the  year  2000  of  our  era.  For  greater  facility  in  the  use  of  the  tables,  the 
change  in  the  last  place  of  decimals  for  intervening  centuries  is  added  wherever  it 
is  necessary.  In  using  these  tables,  the  number  must  be  taken  out  for  an  epoch  mid- 
way between  that  of  the  central  eclipse  and  that  of  the  eclipse  to  be  computed. 

Having  found  the  arguments  for  the  moment  of  mean  comjunction,  the  next  step 
is  to  deduce  the  elements  for  the  moment  of  true  conjunction.  The  theory  of  this  pro- 
cess has  been  fully  developed  by  Hansen  in  his  Analyse  der  ecUpti^chen  Tafeln*  The 
same  author  has  given  tables  for  the  approximate  computation  of  eclipse  elements, 
which  are  of  direct  application  to  the  problem  as  here  presented.  These .  tables  are, 
however,  rather  meagre,  and  can  only  be  used  in  connection  with  the  author's  tables 
of  the  moon.  On  the  other  hand,  the  formulae  in  the  later  paper  are  developed  with 
such  fullness  that  it  is  not  necessary  to  go  over  them.  I  shall,  therefore,  accept  Han- 
sen's results,  with  such  modifications  as  are  necessary  to  make  them  applicable  to  the 
'form  of  tables  now  proposed.     The  following  are  the  modified  expressions. 

A  general  remark,  applicable  to  the  tables,  is,  that  the  quantities  required  are  given 
for  the  moment  of  true  conjunction  in  ecliptic  longitude,  but  are  expressed  in  terms  of 
the  values  of  ^,  g' ^  etc ,  at  the  moment  of  mean  conjunction. 

( 1 )  Bediiction  from  time  of  mean  conjunction  to  that  of  tru^  ecliptic  conjunction. 

<5T  zz  —  0^4089  sin  g 
+  0^0161  sin  2/7 

—  0*^.0004  sin  3  g 
+  o^  1 743  sin  / 
+  0^0021  sin  2g' 

—  0^0051  sin  {g  +  g') 
-f  o'\oo75  sin  {g  —  /) 
+  o'\o  1 04  sin  2  w. 

(2)  True  argument  of  latitude,  reduced  to  the  ecliptic,  for  the  moment  of  true  con- 
junction. 

In  the  special  form  of  tables  adopted,  it  is  necessary  to  reduce  the  mean  longitudes 
of  the  two  bodies  at  the  moment  of  mean  conjunction  to  their  true  longitudes  at  the 

*  Bericlite  iiber  die  Verhaudlungcii  der  Koiiiglicli-SacliHischeu  GesellHchaft  der  Wissentichafteu,  Bd.  XV,  Leip- 
^Sj  1^3)  ^^  Bd.  IX,  1857. 
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moment  of  true  conjunction.  If  the  expression  for  the  elapsed  time  between  mean  and 
true  conjunction  is  correct,  this  reduction  ought  to  be  the  same  for  both  bodies.  Han- 
sen gives  its  expression  for  the  moon ;  the  corresponding  correction  for  the  sun  is, 

Mean  motion  during  interval  +  Equation  of  centre  for  true  conjunction. 

Putting  <5T  for  the  elapsed  interval,  and  g^  for  the  me£in  anomaly  at  the  moment  of 
true  conjunction,  the  required  reduction  will  be, 

«  

n'5T+  1^.922  sin  y,  +  o°.020  sin  2^',, 

where  we  must  put 

Substituting  this  value,  and  developing,  the  expression  will  be, 

w'cST  (1  +0.0335  cos  5^)+  1^.922  sin  y  +  o°.020  sin  2g' . 

Substituting  the  value  of  w<5T  just  given,  we  find  the  following  expression  for  the 
true  ecliptic  distance  of  both  bodies,  counted  from  the  node,  at  the  moment  of  true 
conjunction,  u  being  the  mean  distance  at  the  moment  of  mean  conjunction : — 

w,  zz  w  —  0^.403  sin  //  zr  w  —  .00703  sin  g 
+  o°.o 1 6  sin  2  ^  +  .00028  sin  2  g 

+  2°.094  sin  /  +  .03655  sin  g' 

+  0^.027  sin  2g'  +  .00047  sin  2  g' 

—  0^.012  sin  (^  +  ^7')  —.00021  sin  (^  +  5^') 


+  o  .010  sin  2  it  +  .0001 7  sin  2  w. 

(3)   Vertical  distance  of  the  axis  of  the  moon's  shadow  from  the  centre  of  the  earth  at. 
the  moment  of  ecliptic  conjunction. 

The  expression  for  this  element  is, 

sin  ys  latitude 

Hansen  puts  it  into  the  form, 

B  zz  P  cos  w  +  Q  sin  w  zr  y^. 

Its  numerical  expression  will,  however,  be  a  little  more  simple  by  substituting  u,,  the 
true  argument  of  latitude,  for  w,  the  mean  argument.  Hansen's  expressions  for  P  and 
Q  are  nearly  as  follows,  some  very  small  terms  being  omitted : — 

P  zz  —  .0392  sin  (7  Q  =  +  5-2207 

+  .01 16  sin  2  ^f  —  0.3299  cos  g 

+  .2080  sin  y  —  0.0048  cos  / 

+  .0024  sin  2  g'  +  0.0020  cos  2  // 

—  .0073  sin  (g  +  g')  —  0.0060  cos  {g  +  g') 

+  .0067  sin  (g  —  g')  +  0.0041  cos  {g  —  g). 

+  .0118  sin  2U. 
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If  we  suppose 
we  shall  have, 


y,  =  P,  cos  w.  +  Q,  sin  u,, 

P,  zz  P  COS  (w,  —  u)  —  Q  sin  (w,  —  u), 
Q,  =  Q  COS  (t(j  —  w)  +  P  sin  (u^  —  u). 


From  the  preceding  expression  for  u^  we  find, 


cos  (w,  —  u)  =:  I  —  .00036 

—  .00034  cos  2  / 

+  .00014  cos  (g  +  g') 

—  .00014  cos  (g  —  /), 


while  we  may  suppose 


sin  (w,  —  u)  nzu^  —  u. 


We  then  find, 


Q  sin  {u^  —  u)  =  —  0386  sin  g  Q  cos  (w,  —  ii)  =  Q  —  .0019 

+  .0025  sin  2  (/  —  .ooiB  cos  2  g' 

+  .1917  ^mg'  +.0007  cos  (^  +  /) 

.  +  .0022  sin  2  y  —  .0007  cos  (g  —  /). 

—  .0070  sin  (^  +  5^^) 
+  .0060  sin  (g  —  //'). 


P  sin  (u^  —  w)  =  +  .0039 

—  .0002  cos  2  g 

—  .0038  cos  2^ 

+  .OOI4COs(5r  +  /) 

—  .0014  cos  {g  —  g^). 

P,  1=  —  .0006  sin  g 
+  .0091  sin  2g 
+  .0163  sin/ 
+  .0002  sin  2  / 

—  .0003  sin  (g  +  y ) 
+  .ooo7mn{g  —  g') 
+  .01 1 8  sin  2u. 


P  cos  (u^  —  u)  =  P. 


Q,  =  +5.2227 

—  0.3299  Qosg 

—  0.0048  COS  g' 

—  0.0036  cos  2/7' 

—  0.0039  COS  ((/  +  (/') 

+  0.0020  COS  (g  —  g'). 


The  value  of  P,  is  so  small  that  we  may  suppose  cos  1^,  1=  ±  i  in  multiplying 
it  by  this  quantity.  In  a  total  eclipse,  the  value  of  w,  can  differ  from  0°  or  180^^  by 
only  about  11^,  and  that  of  u  by  only  about  16^.  We  shall,  therefore,  obtain  a 
result  nearly  accurate  to  the  third  place  of  decimals  by  replacing  0.0 1 18  sin  2  n  by 
0.022  sin  w,.     A  sufficiently  accurate  expression  for  y^  will  therefore  be, 

y,  =  Px  +  Qi  sin  u, ; 
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or,  omitting  terms  which  will  not  change  y,  by  .001, 
y,  =z  db  (—  .0006  sin  g  +  .0091  sin  2  ^r  +  .0163  sin  g')  +  (5.245  —  0.330  cos  g)  sin  t*,, 

• 

the  upper  sign  being  used  at  the  ascending  and  the  lower  at  the  descending  node. 
An  error  of  a  unit  in  the  third  place  of  decimals  corresponds  to  one  of  about  5'  in  the 
position  of  the  shadow-path  on  the  earth's  surface ;  the  probable  error  of  the  shadow- 
path,  on  account  of  the  quantities  neglected  in  y„  will  therefore  not  exceed  i  o  or  15 
miles. 

(4)  For  the  hourly  motian  of  the  axis  of  the  shadow  along  the  fundamental  plane* 
Hansen's  expression  is  equivalent  to 

d'T-  d^i 

x\  =  -j^zz  +  0.54 ID  y\—-^  —  (.0540  -f  .0034  cos g)  cos  u, . 

+  0.0397  cos  rjf 

—  0.0010  COS^'' 

-|-  0.0006  COS  (g  +  g^) 

—  0.0004  cos  (g  —  y ). 

We  may,  without  an  error  exceeding  0.00 1,  regard  -^  as  equal  to        •  ^.- 

(5)  The  radius  of  the  sliadow  on  the  fundamental  plane  and  the  angle  of  tJie  shadow- 
cone  are  given  by  the  formulae, 

p  =  +  0.0059  sin/in  +  0.004653 

—  0.0182  cos  g  +  0.000078  cos  g'. 

+  0.0004  cos  2  g 
+  0.0046  cos  g' 

—  0.0005  cos  {g  +  g'). 

When  p  is  positive,  the  eclipse  will  be  annular ;  when  negative,  total. 

The  value  of  p  for  external  contact  may  be  found  by  increasing  the  above  by 
0.5460,  which  will  make  the  constant  term  0.5519.  The  same  value  of  sin  /  may  be 
used  in  the  two  cases. 

Circumstances  of  an  Eclipse  on  the  Eartli^s  Surface. — Our  next  step  is  to  find  the 
relation  of  any  point  on  the  earth's  surface  to  the  shadow.  Several  systems  of  co-ordi- 
nates may  be  adopted  for  this  purpose,  which  vary  with  the  adopted  direction  of  the 
axis  of  X  on  the  fundamental  plane.  We  have  the  choice  of  three  systems,  depending 
on  the  following  three  positions  of  this  axis  of  X  in  the  fundamental  plane : — 

(1)  .The  intersection  of  the  earth's  equator  with  the  fundamental  plane; 

(2)  The  intersection  of  the  ecliptic  with  the  same  plane; 

(3)  A  line  in  the  same  plane  parallel  to  the  path  of  the  axis  of  the  shadow  along  it. 
The  first  system  is  that  of  Bessel,  while  the  second  and  third  have  been  used  by 

Hansen. 


■■• — 


•  It  will  be  remembered  that  the  fundamental  plane  in  the  theory  of  eclipses  passes  through  the  centre  of  the 
earth  perpendicular  to  the  axis  of  the  shadow. 
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Let  US  put 

O,  the  sun's  true  longitude,  or,  more  exactly,  the  longitude  of  the  sun  as 
seen  from  the  moon ; 

€j  the  obliquity  of  the  ecliptic ; 

a,  rf,  the  right  ascension  and  declination  of  the  sun  as  seen  from  the  moon, 
.  for  which,  in  the  present  case,  we  may  take  the  geocentric  direction  of 
the  sun ; 

a,  the  angle  of  the  shadow-path  along  the  fundamental  plane  with  the  inter- 
section of  the  ecliptic  with  the  same  plane ; 

h  =  p  cos  g>'  \  p  being  here  the  earth's  radius  and  q>'  the  geocentric  latitude 

A;  zz  p  sin  q>'  )      of  any  point  on  its  surface. 

For  the  present  we  shall  represent  the  co-ordinates  corresponding  to  these  various 
systems  by  subscript  numbers.  It  will  be  remarked  that  in  all  the  systems  the  axis 
of  Z  passes  through  the  centre  of  the  earth  parallel  to  the  line  joining  the  centres  of 
the  moon  and  sun. 

The  value  of  the  equation  of  the  centre  by  which  0  is  found  may  be  obtained 
from  Table  XXVI.     The  expression  is,  ©  zz  L  -j-  Equation  of  centre. 

For  the  relations  between  systems  (i)  and  (2),  we  determine  the  angle  p  from 
any  or  all  of  the  equations, 

cos  d  mip=.  sin  e  cos  0, 
cos  d  cos  p  zz  cos  £, 

sin  c?  zz  sin  f  sin  0. 

The  required  relations  will  then  be. 


x^  zz      rr,  cos  i?  +  y,  sin  ^, 
y^  —  —  x,  sin2>  -f  y,  cosjp, 


or,  reversing  them, 


^, 

^— 

z.', 

^r 



a;. 

cosi)  — y. 

sin  J), 

Vr 



x^ 

sini)  +  y. 

cos^. 

For  the  use  of  the  third  system,  it  will  be  sufficiently  accurate  to  suppose  that 
the  axis  of  x^  makes  an  angle  of  5°  30'  with  that  of  x^.  With  a  little  greater  proba- 
ble accuracy  we  may  determine  the  angle  a.  by  the  condition,  azzdbs^.?  cos  w„ 
this  angle  being  positive  at  the  ascending  and  negative  at  the  descending  node.  Then, 
putting 

we  shall  have, 

x^-zz      iT,  cosj^/ -|-y,  siny  zz      ^r, cos  a -f  y,  sin  a, 
y^ziL  —  x^  %\VLp'  -j-  y,  cos^p'  zz  —  a::,  sin  a  +  y^ cos  a. 

Tables  XVIII  to  XX  give  the  value  of  y,  for  the  shadow-axis  at  the  moment  of 
conjunction  in  longitude,  when  a?,  zz  o ;  and  Tables  XXI  and  XXII  give  the  hourly 
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variation  of  x^,  from  which  that  of  y^  may  be  obtained  by  multiplying  by  tan  a  or  by 
cos  u^  tan  (5^  42').     The  expressions  for  x,  and  y^  will  therefore  be, 

y.  =  y''  +  x',  ttana  =  y:  +  y\  t 

Here  t  is  the  time  after  true  conjunction,  T,  expressed  in  hours  as  the  unit 

To  refer  the  shadow-axis  to  either  of  the  other  systems,  we  shall  then  have, 

x^  =,      y^  sin  a  +  a;'  ^  sec  a, 

y^=      y,"cosa, 

x^zzL  —  y^  sin  p  +  x\t  (cos^  —  tan  a  sin^), 

=  —  y^  sin^  +  x\  t  sec  a  cos  {p  +  a), 
y^  zz      y^  cos^  +  x\  t  (sin  p  +  tan  a  cos  p), 

=      y^  cos2>  +  :a?'a  t  sec  a  sin  (^  +  a). 

The  values  of  the  coefficients  for  x^  and  y^  may  be  taken  from  Table  XXVUI, 
where  we  have  put 

a  zz  —  sinj), 
a'  =      cos  p^ 

b  =.      sec  a  cos  (  2?  db  «),     • 
6'  =      sec  a  sin  (^  ±  a)  ; 

so  tha£  the  expressions  for  x^  and  y,  are, 

x,  =  a  y/  +  b  x'Jj 
y^-a!y:  +  Vx\t. 

We  now  require  the  corresponding  co-ordinates  for  the  point  on  the  earth's  sur- 
face, expressed  by  the  quantities  h  and  k.  If  we  represent  these  by  ^,  7,  and  5,  Bes- 
seVs  eclipse  formulae  give, 

H^znh sin  H, 

7x  zz  A  cos  d  —  hmid  cos  H, 

H  being  the  hour-angle  of  the  sun,  or,  to  speak  more  exactly,  the  hour-angle  of  that 
point  of  the  sphere  representing  the  direction  of  the  sun  as  seen  from  the  moon.  The 
other  co-ordinates  of  the  place  will  then  be, 

^a  =  *  cos  d!  sin _p  -|-A(cos^  sin  H  —  sin  cZ  sin ^  cos  H), 
7a  =  A  cos  d  cos^  —  h  (sin  p  sin  H  +  sin  d  cos^  cos  H), 
$^zzk cos  d sin p^  +  h  (cosy  sin  H  —  sin  rf siny  cos  H), 
73  zz  k  cos  d  cosy  —  li  (sin  p*  sin  H  -j-  sin  rf  cosy  cos  H). 

The  angle  H  is  expressed  in  terms  of  ^,  as  follows : — From  the  conjunction  tables 
V-VII  we  have,  by  the  corrections  from  Tables  VIII-XII  and  by  correcting  for  the 
fictitious  date,  the  fraction  of  a  day  of  Greenwich  mean  time  at  the  moment  of  true 
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ecliptic  conjunction.     Multiplying  this  fraction  by  360°  (Table  XIV),  we  have  the  hour- 
angle  of  the  mean  sun  for  the  meridian  of  Greenwich  at  the  moment  of  conjunction. 

Let  us  put 

Ho,  this  hour-angle ; 

A,  the  longitude  of  the  place  west  from  Greenwich ; 

E,  the  equation  of  time,  to  be  added  to  apparent  time  in  order  to  obtain  mean 
time,  expressed  in  arc. 
Then,  at  conjunction,  the  hour-angle  of  the  mean  sun  will  be  H^  —  A,  and  that  of  the 
apparent  sun  will  be  Ho  —  A  —  p].     The  expression  for  H,  as  a  function  of  <,  will  then  be 

HzzHo-A-E+i5^X<. 

We  have  now  all  the  data  for  proceeding  with  the  computation  of  the  eclipse  in  any 
of  the  usual  ways. 

The  data  of  the  present  tables  are  of  such  accuracy  that  we  may  generally  expect 
to  predict  the  phases  of  an  eclipse,  by  means  of  them,  within  one  or  two  minutes  of 
time,  and  to  determine  the  shadow-path  in  total  or  annular  eclipses  to  coarse  fractions 
of  a  degree.  In  fact,  supposing  the  tables  perfect  to  the  last  place  of  decimals,  the  pro- 
bable error  of  this  path  should  not  exceed  two  or  three  tenths  of  a  degree,  unless  near 
the  north  or  south  pole  of  the  earth ;  but  small  eiTors  of  theory  are  possible,  leading 
to  larger  errors  in  the  shadow-path. 

The  following  are  the  formulae  for  the  computation  of  the  path  of  a  central  eclipse. 
They  are  applied  by  computing  the  longitude  and  latitude  of  the  point  in  which  the 
axis  of  the  shadow  intersects  the  earth's  surface  at  any  assumed  moment  of  Green- 
wich mean  time. 

Compute  the  values  of  x^  and  y,  for  the  assumed  moment.  Table  XXVIII  is 
designed  to  facilitate  this  computation. 

If  it  is  desired  to  take  into  account  the  ellipticity  of  the  earth,  the  neglect  of 
which  will  introduce  a  probable  error  of  perhaps  10'  in  the  point  required  (which 
amount,  however,  is  hardly  greater  tlian  the  necessary  uncertainty  of  the  results  from 
the  preceding  tables),  we  compute  p,  and  d^  from  the  formula}, 

p,  sin  rf,  zz  sin  rf. 


p,  cos  rf,  zz  V I  —  e'  cos  d zz  [9.99855]  cos  rf. 


^■=£ 


The  values  of  p,  and  of,  may  be  taken  at  once  from  Table  XXIX  with  the 
argument  ©  zz  L  -f  Equation  of  centre.  If,  however,  we  neglect  the  ellipticity,  we 
put  d  for  rfj,  y^  for  y'„  and  q>  for  9),  in  the  following  formuhe,  which  are  a  continuation 
of  the  preceding  ones. 

From 

c  sin  C  zz  y\^ 

c  cos  C  zz  V I  —x^  —  y',% 

A  E 4 
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find  c  and  C.     The  last  quantity  may  be  computed  by  the  auxiliary  angle  ^,  thus : — 

sin  /3  miy  •=.  rr„ 
sin  13  cos  y  zz  y\j 
c  cos  C  zz  cos  /?. 

Then,  from  the  equations, 

cos  9>,  sin  H  zz  x^j 

cos  q>^  cos  H  zz  c  cos  (C  +  ^i)> 

sin  (p^-=c  sin  (C  +  rf,), 

tan  9)  zz  [0.00145]  tan  9>„ 

find  9>  and  H.  The  former  will  be  the  latitude  of  the  point  required,  and  the  latter 
the  local  hour-angle  of  the  shadow-axis.  The  Greenwich  hour-angle  is  found  by  the 
formula, 

H.izH,-E  +  i5°f; 

Ho  being  the  Greenwich  mean  time  of  true  conjunction  in  longitude,  expressed  in 
arc ;  E,  the  equation  of  time  (Tables  XXVI  and  XXVII) ;  <,  the  interval  of  the 
assumed  time  after  that  of  true  conjunction,  expressed  in  hours  The  west  longitude 
of  the  point  sought  will  then  be : — 

AzzH,-H. 


§  3. 
KECUKRBNCE  OF  REMARKABLE  ECLIPSES. 

The  occurrence  of  eclipses  approaching  the  maximum  length  of  totality  is  a  sub- 
ject of  astronomical  interest.  We  have  already  shown  that  the  successive  eclipses  at 
the  same  conjunction  point,  occurring  at  intervals  of  18  years,  are  nearly  of  the  same 
character.  Consequently,  if  we  have  at  any  time  an  eclipse  in  which  the  duration  of 
totality  approaches  the  maximum,  we  shall  have  a  similar  one  after  a  lapse  of  one 
period,  and  the  duration  will  vary  but  slowly  from  period  to  period.  We  shall  there- 
fore search  in  our  tables,  not  for  single  eclipses  witli  long  duration  of  totality,  but  for 
series  of  such  eclipses,  the  distinctive  mark  of  each  series  being  the  conjunction  point 
at  which  it  occurs. 

The  conditions  necessary  to  the  greatest  duration  of  totality,  considered  individ- 
ually, are  the  following : — 

I.  Tlie  moon  must  be  near  its  perigee  at  the  time  of  conjunction.  In  other 
words,  its  mean  anomaly,  positive  or  negative,  must  be  small  in  absolute  value. 

II.  The  sun  must  be  near  its  apogee  in  order  that  its  semi-diameter  may  be  small ; 
hence  its  mean  anomaly  must  differ  little  from  180^.  It  is,  however,  to  be  remarked 
that  a  deviation  of  the  sun's  mean  anomaly  from  1 80^  will  produce  only  about  one 
fourth  the  effect  of  an  equal  deviation  of  the  moon's  anomaly  from  o^. 
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III.  The  preceding  two  conditions  give  the  maximum  breadth  of  shadow  on  the 
fundamental  plane,  passing  through  the  centre  of  the  earth  at  right  angles  to  the  axis 
of  the  shadow.  But,  the  shadow  being  conical,  its  diameter  increases  as  we  approach 
the  moon.  The  observer  should  therefore  be  as  near  the  moon  as  possible.  In  other 
words,  at  the  moment  of  central  eclipse,  the  sun  and  moon  should  be  near  his  zenith. 
The  diameter  of  the  shadow  at  his  station  will  then  be  nearly  one  third  greater  than 
on  the  fundamental  plane.  In  order  that  these  conditions  may  be  fulfilled,  it  is  neces- 
sary that  the  observer  should  be  within  the  tropics  and  that  the  conjunction  should 
take  place  near  the  node.  For,  the  two  bodies  being  in  the  zenith,  the  effect  of  paral- 
lax is  zero,  and  the  eclipse  must  be  central  at  the  centre  of  the  earth,  which  can  only 
occur  when  the  conjunction  coincides  with  the  node.  These  conditions  will  be  most 
nearly  fulfilled  by  the  central  eclipses,  the  dates  of  which  are  given  in  Tables  V  and  VI. 

IV.  The  diurnal  motion  of  the  observer  must  be  as  great  as  possible,  because  by 
this  motion  he  is  carried  along  in  the  same  direction  with  the  axis  of  the  shadow,  and 
thus  the  time  which  he  remains  within  it  is  increased.  This  condition  is  best  fulfilled 
when  he  is  upon  the  equator. 

V.  The  direction  in  which  the  observer  is  carried  by  the  diurnal  motion  must  be 
parallel  to  the  direction  of  the  shadow.  This  condition  demands  that  the  direction  of 
the  axis  of  the  shadow  shall  be  near  the  great  circle  joining  the  pole  of  the  earth  and 
the  pole  of  the  moon's  orbit.  This  condition  can  be  fulfilled  only  when  the  sun's  lon- 
gitude is  near  90°  or  2  70^  ;  in  other  words,  near  the  times  of  the  two  solstices. 

It  is  impossible  that  all  the  preceding  conditions  can  be  simultaneously  fulfilled, 
owing  to  the  obliquity  of  the  ecliptic.  The  4th  condition  can  be  fulfilled  only  at  the 
equinoxes,  and  the  5th  only  at  the  solstices.  Also,  since  the  sun's  apogee  has,  during 
each  century,  a  nearly  definite  longitude  (at  present  about  90°),  it  is  only  near  90°  of 
the  sun's  longitude  that  the  2d  condition  can  at  present  be  fulfilled.  In  former  ages, 
the  case  was  somewhat  different.  But  the  distance  of  the  epoch  from  these  solstices 
was  only  about  20^  at  the  beginning  of  the  Christian  era.  We  may  see,  therefore, 
that  during  historic  times,  and  for  several  centuries  to  come,  the  solar  eclipses  of  great- 
est duration  can  occur  only  near  the  summer  solstice.  If  the  eclipse  at  this  time 
occurs  also  exactly  at  the  node  it  will  be  central  in  the  zenith  of  the  Tropic  of  Can- 
cer. Conditions  3d  and  5th  will  therefore  be  fulfilled,  but  condition  4th  will  not.  If 
the  latitude  of  the  moon  be  north  at  the  moment  of  conjunction,  conditions  3d  and  4th 
will  both  be  less  favorable.  If  the  latitude  be  south,  condition  4th  may  be  more  favor- 
able, because  the  shadow  will  then  be  thrown  further  towards  the  equator,  but  condi- 
tion 3d  will  be  less  favorable.  Condition  4th  will  be  best  fulfilled  by  south  latitude 
of  about  24',  or  by  an  argument  of  latitude  of  —  4^  or  —  5^  near  the  ascending  node  and 
-|-4°  or  -|-  5^  near  the  descending  node.  Beyond  these  points  of  latitude,  both  conditions 
are  unfavorable.  We  conclude,  therefore,  that  when  the  two  first  conditions  are  pro- 
perly fulfilled,  the  most  favorable  eclipses  will  be  the  ten  or  twelve  which  follow  the 
central  one  of  each  series  at  the  ascending  node  and  the  ten  or  twelve  which  precede 
it  at  the  descending  node.  The  most  favorable  will  generally  fall  between  the 
fourth  and  the  seventh  from  the  central  eclipse ;  and  the  first  two  conditions  require 
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that  we  slioiild  then  have  g  :=o  and  g'  =  o.  In  order  that  these  conditions  should  be 
fulfilled  at  the  sixth  eclipse,  we  should  have,  near  the  time  of  central  eclipse,  the  fol- 
lowing system  of  values  of  g,  ^ ,  and  L  : — 

Ascending  Node.  Descending  Node. 

g=   17^  ff  =  -  17^ 

g'=  120°  5^zz      240° 

L=    25°  L=      155^ 

An  examination  of  Table  V  will  now  enable  us  to  select  series  of  remarkable  total 
eclipses  almost  by  inspection.  We  see  that  the  moon's  mean  anomaly  is  repeated 
within  12^  or  15^  at  every  third  conjunction  point  Considering,  first,  eclipses  at  the 
ascending  node,  we  perceive  that  the  moon's  mean  anomaly  is  small  at  the  loth,  13th, 
15th,  etc ,  conjunction  points,  and  that  the  condition,  g  zz  17^,  is  most  nearly  fulfilled 
at  the  1 6th  and  19th  points.  The  conditions,  g'  zz  120^  and  L  zz  25^,  though  not  ful- 
filled at  either  point,  are  so  near  fulfillment  that  there  were  then  two  series  of  total 
eclipses  nearer  the  maximum  duration  than  any  which  occurred  for  several  subsequent 
centuries.     The  last  of  the  most  favorable  series  were  in  the  years  663,  681,  699,  etc. 

To  find  other  series  approaching  the  maximum  of  totality,  we  have  to  pass  over 
more  than  a  thousand  years,  until  the  4 2d  and  45tli  conjunction  points  approach  the 
node.  To  the  42d  conjunction  point  belong  the  series  of  great  eclipses  of  1832,  1850, 
1868,  1886,  etc.,  of  which  the  maximum  was  that  of  1832  or  1850.  The  position  of 
the  solar  perigee  is  unfavorable  at  this  point;  otherwise  the  duration  would  have  gone 
on  increasing  through  the  next  century  But  at  the  45th  conjunction  point,  the  con- 
ditions are  more  nearly  fulfilled  than  they  have  been  for  at  least  twenty  centuries,  and 
we  shall  therefore  have  a  series  of  eclipses  approaching  within  a  very  few  seconds  of 
the  maximum  duration  of  totality.     These  will  occur  in  the  years  2150,  2168,  etc. 

Passing  now  to  the  descending  node,  we  see  that  in  a  general  way  the  series 
occur  in  the  same  order.  The  favorable  conjunction  points  near  the  present  epoch 
seem  to  be  the  149th,  15  2d,  155th,  etc.  In  the  first  two  of  these,  the  sun's  mean  ano- 
maly is  not  favorable  except  when  the  moon's  is  unfavorable.  The  conditions  are  better 
fulfilled  at  the  155th  cohjuction  point,  the  central  eclipse  of  which  takes  place  in  the 
year  2009.  The  eclipses  of  maximum  duration  will  occur  two  or  three  periods  before 
the  central  eclipse,  namely,  in  the  years  1955  and  1973.  To  this  series  belong  the 
total  eclipses  of  1865,  1883,  ^t^-  The  successive  eclipses  of  this  series  will  therefore 
increase  in  duration  for  five  or  six  periods  to  come,  when  the  duration  will  probably 
be  greater  than  that  of  any  that  have  preceded  them  during  the  past  thousand  years. 
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Table  I. — Dates  at  which  the  Mooris  Ascending  Node  has  the  same  Longitude  that  the  Sun  has  at  the  Beginning 

of  the  Fictitious  Year. 


Year. 

Year. 

Year. 

Year. 
+1116.818 

Year. 

—780.878 

-148.321 

+484.244 

+  1749.398 

—762.273 

—  129.716 

502.849 

1135.423 

1768.004 

-743.669 

—  III. 112 

521.454 

1154.028 

1786.609 

-725.064 

-  92.507 

540.059 

1172.633 

1805.215 

—706.460 

-  73.902 

558.664 

I 191. 239 

1823.820 

-687. S55 

—  55.297 

577.269 

1209.844 

1842.426 

—669.251 

—  36.693 

595.874 

1228.450 

1861.031 

—650.646 

—  18.088 

614.479 

1247.055 

1879.637 

—632.042 

9 

+     0.517 

633.084 

1265.660 

1898.242 

-613.437 

19.122 

651.689 

1284.266 

1916.848 

-594.832 

37.727 

670.294 

1302.871 

1935.453 

—576.228 

56.332 

688.899 

1321.476 

1954.059 

-557.623 

74.936 

707.504 

1340.080 

1972.664 

-539.019 

93.541 

726.109 

1358.686 

1991.270 

-520.414 

112. 146 

744.714 

1377.291 

2009.875 

—501.809 

130.751 

763.319 

1395.896 

2028.481 

—483.205 

149.356 

781.924 

1414.502 

2047.086 

—464.600 

167.961 

800.529 

1433.107 

2065.692 

-445.996 

186.566 

819.135 

1451.712 

2084.298 

-427.391 

205.171 

837.740 

14:0.318 

2102.903 

—408.786 

223.775 

856.345 

1488.923 

2121.509 

—390.182 

242.380 

874.950 

1507.528 

2140. I 14 

-371.577 

260.985 

893.555 

1526.134 

2158.720 

-352.972 

279.590 

912.160 

1544.739 

2177.326 

-334.368 

208.195 

930.765 

1563.344 

2195.931 

-315.763 

316.800 

949.370 

1581.950 

2214.537 

-297.158 

335.404 

967.976 

1600.555 

2233.142 

-278.554 

354.009 

986.581 

1619.160 

2251.748 

-259.949 

372.614 

1005.186 

1637.766 

2270.354 

-241.344 

391.219 

1023.792 

1656.371 

2288.959 

—222.740 

409.824 

1042.397 

1674.977 

2307.565 

-204.135 

428.429 

1061.002 

1693.582 

2326.170 

-185.530 

447.034 

1079.607 

1712.187 

2344.776 

1                 —166.926 

+  465.639 

+  1098.212 

1 

+  1730.793 

+2363.381 

TABLE  I. 

• 

The  use  of  this  and  th 
(algebraically)  in  the  table 
number  will  be  the  day  and 
the  second  column.    Slionh 
indicate  a  coig  unction  aftei 

In  general,  a  central  e 
eighteen  or  twenty  days, 
end  of  the  year  preceding. 

e  next  table  is  as  follows:— 
.    With  the  excess  enter  Tabl 
I  tentlis  of  a  day  of  the  iictiti 
I  the  number  be  negative  it  ^ 
p  the  end  of  the  year. 
»cli])se  of  the  sun  can  only  04 
[t  is  to  be  remarked,  howeve 
or  during  the  first  seventeen 

-Subtract  the  number  of  the 
e  II,  the  entire  number  being 
ons  Julian  year  at  which  the 
will  indicate  days  before  the 

ccur  within  ten  or  twelve  da 
r,  that  an  eclipse  may  occur 
days  of  the  year  following. 

year,  neglecting  fractions,  from  the  next  larger  number 
on  the  side  and  the  tenths  at  the  t«p.    The  corresponding 
mean  sun  was  in  coiyunction  with  the  node  indicated  in 
beginning  of  the  year,  and  should  it  excee<l  365.25  it  will 

kVS  of  the  times  thus  found,  and  a  partial  eclipse  within 
when  the  corresponding  conjunction  takes  place  near  the 
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Table  IL — Days  of  the  Fictitious  Year  when  the  Mean  Sun  is  in  Conjufwtion  with  either  Node. 


Year. 

Node. 

.• 

.1 

d, 
1.9 
175.2 
348.5 

.S 

.4 

d, 

7.4 
180.7 

354.0 

.ft 

d, 

9.3 
182.6 

355.9 

.6 

.7 

•8     . 

.9 

# 

Asc. 

Desc. 

Asc. 

d. 
o.o 

173.3 
346.6 

d, 

3.7 
177.0 

350.3 

0 

d. 

5.6 

178.9 
352.2 

d. 
II. 2 

184.5 

357.8 

d. 
13.0 
186.3 
359-6 

d. 

14.9 

188.2 

361.5 

d. 
16.8 
190. 1 

363.4 

1 

Asc. 
Desc. 

18.6 

191. 9 

20.5 
193.8 

22.3 
195.6 

24.2 
197.5 

26.0 
199.4 

27.9 
201.3 

29.7 
203.1 

31.6 
205.0 

1 

33.5 
206.9 

35.4 

208.7  ; 

« 

Asc. 
Desc. 

37.3 
210.6 

39.2 
212.5 

41.0 
214.3 

42.9 
216.2 

44.7 
218.0 

46.6 
219.9 

48.4 
221.7 

50.3  . 
223.6 

52.2 
225.5 

54-0  ' 
227.3 

1 

1 

Asc. 
Desc. 

55.9 
229.2 

57.8 
231. 1 

59-6 
232.9 

61.5 
234.8 

63.3 
236.6 

65.2 
238.5 

67.0 
240.3 

68.9 
242.2 

70.8 
244.1 

72.7 
246.0  , 

1 
4 : 

Asc. 
Desc. 

74.5 
247.8 

76.4 
249.7 

78.2 
251.5 

80.1 
2534 

82.0 

255.3 

83.9 
257.2 

85.7 
259.0 

87.6 
260.9 

89.5 
262.8 

91.3 
364.6 

1 

ft 

Asc. 
Desc. 

93.2 
266.5 

95.1 
268.4 

96.9 
270.2 

98.8 
272.1 

100.6 
273.9 

102.5 

275.8 

104.3 
277.6 

106.2 
279.5  i 

108. 1 
281.4 

109.9 
283.2 

•  6 

Asc. 
Desc. 

III. 8 
285.1 

113. 7 
287.0 

115. 5 

,         288.8 

117. 4 
290.7 

119. 2 
292.5 

121. 1 
294.4 

122.9 
296.2 

124.8 
298.1 

126.7 
300.0 

128.5 
301.9 

1 

7 

Asc. 
Desc. 

130.4 
303.7 

132.3 
305.6 

134. 1 
307.4 

136.0 
309.3 

137.9 
311. 1 

139.8 
313.0 

141. 6 
,         314.9 

143.5 
316.8 

145.4 
318.7 

147.2 
320.5 

8 

Asc. 
Desc. 

149.0 
322.3 

150.9 
324.2 

152.8 
326.1 

154.7 
328.0 

156.5 
329.8 

158.4 
331.7 

160.2 
333.5 

162. 1 
335.4 

164.0 
337.3 

165.8 
339.1 

9 

Desc. 

Asc. 

Desc. 

-5.6 
167.7 
34».o 

-3.7 
169.6 

342.9 

-1.9 
171. 4 
344.7 

0.0 

173.3 
346.6 

1.8 
175. 1 
348.4 

3.7 
177.0 

350.3 

5.5 
178.8 

352.1 

7.4 
180.7 

354.0 

9.3 
182.6 

355.9 

II. I 
184.4 

357.7 

1# 

1 

Desc. 

Asc. 

Desc. 

13.0 
186.3 
359-6 

14.9 

188.2 

361.5 

16.7 
190.0 
363.3 

18.6 
191. 9 
365.2 

20.4 

193.7 
367.0 

22.3 
195.6 
368.9 

24.1  ; 

»97.4  i 
370.7 

26.0 

199.3 
372.6 

27.9 
201.2 

374.5 

29.8  ' 
203.1 

376.4 

" 

Desc. 
Asc. 

31.6 
204.9 

33.5 
206.7 

35.3 
208.6 

37.2  i 
210.5 

39.1 

212.4  ! 

41.0 
214.3 

42.8  : 

216. I  ; 

1 

44.7 
218.0 

46.6 
219.9 

48.4  ' 
221.7  . 

IS  ' 

Desc. 
Asc. 

50.2 
223.6 

52.1 
225.5 

54.0 
227.3 

55.9 
229.2 

57.7 
231.0  , 

59-6 
232.9 

61.4 
234.7 

63.3 
236.6 

65.2 
238.5 

67.0 
240.3 

18 

Desc. 
Asc. 

68.8 
242.2 

70.7 
244.1 

72.6  1 
245.9 

74.5 
247.8 

76.3 
249.7 

78.2 
251.6 

80.0 
253.4 

81.9 
255.3 

83.8 
257.2 

85.6  j 
259-0 

14 

Desc. 

Asc. 

87.5 
260.8 

89.4 
262.7 

9T.2 
264.5 

93.1 
266.4 

94.9 
268.3 

96.8 
270.2 

98.6  1 

272.0 

1 

100.5 
273.9 

102.4 

275.8 

104.3 
277-6 

1ft 

Desc. 

Asc. 

106. 1 
279.4 

108.0 
281.3 

109.9 

283.2 

III. 8 
285.1 

113. 6 
286.9 

115. 5 

288.8 

"73 
290.6 

119. 2 
292.5  1 

121. 1 
294.4 

122.9 
296.2 

16 

Desc. 

ASC. 

124.7 

298.1 

126.6 
300.0 

128.4 
301.8 

130.3 
303.7 

132. 1 
305.5 

134.0 
307.4 

135.8    ! 
309.2 

137.7 
311. 1 

139.6 
313.0 

141. 5  i 
314.8  ■ 

17 

Desc. 
Asc. 

143.4 
316.7 

145.3 
318.6 

147. 1 
320.4 

149.0 
322.3 

150.8 
324.1 

152.7 
326.0 

154.5 
327.8 

156.4 
329.7 

158.3 
331.6 

160.2 

333.5  \ 

18 

Desc. 

Asc. 

1 

162.0 
335.3 

163.8 
337.2 

165.7 
339. « 

167.5 
341.0 

169.4 
342.8 

171. 2 
,         344 . 7 

\             173. I 
346.5 

175.0 

348.4  ; 

176.9 
350.3 

178.8 
352.1 

For  hundredths 
of  a  year. 


y- 

d. 

O.OI 

0.2    > 

0.02 

0.4 

0.03 

0.6 

0.04 

0.7 

COS 

0.9    ' 

0.06 

I.I 

0.07 

1.3 

0.08 

1.5 

0.09 

1.7 

0.10 

1.9 

Table  III. — Reduction  to  Time  of  True  Conjunction  of  Sun  with  Node. 


Days. 


d. 


o 
10 
20 
30 
40 


•0.4 
0.7 

I.O 
1.2 

■1.5 


Days. 

50 
60 

70 
80 

90 


d. 

-1.6 
1.8 
1.9 
1.9 

-1.9 


Days.  ,   d. 


100 
no 
120 
130 
140 


1.8 

1.7 

1.5 
1.2 

•1.0 


Days. 


Days. 

250 
260 
270 
280 
290 


d. 


-f-  1.9 
1.9 
1.9 
1.8 

+  1.7 


Days, 


d. 


300 
310 
320 
330 
340 


+  1.5 
1.2 

1.0 

0.7 
+  0.4 


Days. 


350 
360 

370 


d. 


+0.1 
—0.3 
-0.5 
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Table  IV. — To  find  the  Age  of  tJie  Moon  at  any  Fictitious  Julian  Date. 


Century. 

D. 

Year. 

D. 

Year. 

1   •   D. 

1 

1 

—  800 

6.8 

0 

4.6 

25 

10.9 

-  700 

•   2.5 

I 

15.5 

26 

21.8 

—  600 

27.6 

2 

26.3 

27 

31 

—  500 

23.3 

3 

7.7 

28 

14.0 

—  400 

18.9 

4 

18.6 

29 

24.9 

—  300 

14.6 

" 

—  200 

10.3 

—  100 

5-9 

5 

29.4 

30 

6.2 

0 

1.6 

6 

10.8 

31 

17. 1 

-h  100 

26.7 

7 

21.7 

32 

28.0 

200 

22.4 

8 

3.0 

33 

9.3 

300 

18.0 

9 

13.9 

34 

20.2 

400 

13.7 

500 

9.4 

10 

24.8 

35 

1.6 

600 

5.0 

II 

6.2 

36 

12.5 

700 

0.7 

12 

17.0 

37 

23.3 

800 

25.9 

13 

27.9 

38 

4.7 

900 

21.5 

14 

9.3 

39 

15.6 

1000 

17.2 

IICX) 

12.8 

1 

1200 

8.5 

15 

20.2 

40 

26.5 

1300 

4.2 

16 

1.5 

41 

7.8 

1400 

29.4 

17 

12.4 

42 

18.7 

1500 

25.0 

18 

23.3 

43 

0.1 

1600 

20.7 

4.6 

44 

10.9 

1700 

16.3 

»9 

1800 

12.0 

1900 

7.7 

20 

15.5 

45 

21.8 

2000 

3.3 

21 

26.4 

46   ; 

3.2 

2100 

28.5 

22   ! 

7.8 

47    1 

14. 1 

2200 

24.2 

23   1 

18.6 

48 

24.9 

2300 

19.9 

24 

0.0 

49 

6.3 

Year. 


50 
51 
52 

53 

54 


55 
56 

57 

58 

59 


60 
61 

62 

63 
64 


65 
66 

67 
68 

69 


70 

71 
72 

73 
74 


D. 

Year. 

17.2 

75    ' 

28.1 

76 

9.4 

77    ! 

20.3 

78 

1.6 

79 

12.5 

80 

23.4 

8r 

4.8 

82    ' 

15.6 

83 

26.5 

84 

D. 


Multiples  of  Period. 


7.9 

18.8 

0.1 

II.O 

21.  g 


3.2 

14. 1 

25.0 

6.4 

17.2 


28.1 

9-5 
20.5 

1-7 
12.6 


85 
86 

87 
88 

89 


90 

91 
92 

93 
94 


95 
96 

97 
98 
99 


23.5 
4.8 

'5-7 
26.6 

7.9 

18.8 

0.2 

II. I 

21.9 

3.3 


14.2 

25.1 
6.4 

17.3 
28.2 


9.5 
20.4 

1.8 

12.6 

23.5 


4.9 

15.8 

26.7 

8.0 

18.9 


I 

2 

3 
4 

5 

6 

7 
8 

9 
10 


II 
12 

13 
14 
15 


29.5 

59. « 
88.6 

118. 1 
147.7 


177.2 
206.7 
236.2 
265.8 

295.3 


324.8 
354.4 
383.9 
413. '4 
443.0 


The  age  (D)  of  the  mean  moon  at  any  time  i.s  found  by  takinj^  the  sum  of  the  value^i  of  D  eorre^pomliiisj  to  the  century  and  to  the  year  of 
the  century,  addin^c  the  fietitiouH  Julian  date  and  »uljtra<*ting  the  greatest  multiide  of  the  period.  Generally  it  will  he  better  to  suhtraet  the 
innltiple  next  smaller  ami  next  greater  than  the  sum.  The  first  remainder  will  then  indi<"ate  the  days  which  have  elapsed  since  the  preceding 
mean  nVw  moou,  and  the  second  those  before  the  next  following.     The  limits  of  D  lor  a  central  eclipse  will  then  be, 


D  between  -^  14*^.2  :  an  eclipse  certain. 
D  between  ^  20<^.8  :  an  eclipse  i»ossible. 


I)  between  J-    8**.o  :  a  central  eclipse  certain. 
1)  between  J-  14*^.3  :  a  central  <Mdipse  pos.sible. 


If  the  occurrence  of  the  eclipse  is  still  doubtful,  the  limits  may  be  narrowed  by  applying  to  IJ  the  further  con-ecfion  taken  from  Table  III, 
of  which  the  argnment  is  the  day  of  the  fictitious  year,  already  found  from  Table  II.  This  table  only  holds  good  within  two  or  three  centuries 
of  the  present  time;  but  it  may  be  used  for  other  centuries  by  simi>ly  increasing  the  argument  by  one  day  for  each  century  before  the  nineteenth. 
Using  the  correet^^d  values  of  D,  the  limits)  will  b<', 

^  i6**.i  :  an  eclipse  certain.  -j-    9"'.9:  a  c<'ntr!il  eclipse  certain. 

^  18*^.9:  an  ecliiwe  possible.  ^  12*'  4:  a  central  eclipse  possible. 

To  find  the  central  eclips*'  of  the  m*rie,s  to  which  the  n'r|uired  one  behmgs,  take  one  of  the  values  of  P  corresponding  nmst  nearly  to  D  in 
the  following  table : — 


If  D  is  positive,  snbtract  cmo  of  the  nearest  values  of  T  from  the  number  of  the  year;  if  m»gative,  ad<l  it,  and  we  shall  hit  very  nearly 
upon  the  date  of  central  ecli]»8e  fonud  in  Table  V  or  VI,  according  to  the  node,  or  upon  a  dat<;  differing  by  a  multiple  of  \6  years.  The  cor- 
responding value  of  P  will  be  the  number  of  periods  of  i8y  ii**  between  the  dat*>  in  Table  V  or  VI  and  the  date  of  the  eclip-se  sought. 

It  is  to  be  noted  that  if  the  value  of  T  thmi  found  carries  the  central  date  without  the  limits  —  770  and -{-2360,  a  value  of  P  and  T  small 
enongh  to  bring  the  date  within  these  limits  will  be  necessary. 


D 

0.5 

i.o 

1.4 

1.9 

2.4 

2.9 

3-4 

• 

3.8    4.3    4.8 

5.3  1   5.8 

6.2 

6.7. 

7.2 

7.7 

S.2 

8.6  i 

P 

1 
I 

2 

3 

4 

5 

6 

7 

8      9     10     II   .  12 

^                                  1 

13 

14 

15 

16     17 

18   i 

T 

18 

36 
9.6 

54 
10. 1 

72 

~  1 
10.6 

90 
II. I 

108 
II. 5 

126 
12.0 

144    162    180 

198    216 

234 
14.9 

252 
15.4 

270 

15.8 

2S8    307 

i 
16.3      16.8 

325 

D 

9" 

12.5   13.0   13.5 

13.9  '  14.4 

17-3  ' 

!  P 

19 

20 

21 

22 

23     ! 

24 

25 

26     27     28 

29   1  30 

31 

32 

33 

34 

35   i 

36   1 

T 

1 

343 

1 
1 

361 

379 

397 

415 

433 

451 

469    487    505 

1 

523   .  541 

539 

577 

50 

614 

632   1 

i 

650 

1 

34 
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Table  V. — Mean  Ekments  of  Eclipses  at  Ascending  Node, 


i6 

17 

18 

19 
20 

21 
22 
23 

24 


Conj. 

Fictitious  Date 

Point. 

of  Central  Mean 

Conjunction. 

y- 

d. 

214 

— 

724 

313.2334 

215 

— 

720 

240.1713 

216 

— 

716 

167.1093 

217 

— 

712 

94.0473 

218 

— 

708 

20.9853 

219 

705 

313. '733 

220 

701 

240. 1 112 

221 

— 

697 

167.0492 

222 

— 

693 

93.9872 

0 

— 

689 

20.9252 

I 

— 

632 

345.5815 

2 

— 

574 

304.9079 

3 

— 

516 

264.3940 

4 

— 

440 

234.6227 

5 

— 

382 

194.0285 

6 

— 

324 

1534343 

7 

— 

248 

123.6626 

8 

— 

190 

83.0682 

9 

— 

132 

42.4736 

10 

— 

74 

1.8789 

II 

+ 

I 

337.3564 

12 

59 

296.7615 

13 

117 

256.  i6"b4 

14 

175 

215.5712 

15- 

251 

185.7981 

309 
367 
425 
501 

558 

616 

674 

750 

808 


145.2026 
104.6069 

64.01 12 

34.2375 
358.8915 


I  ^  g  L  «, 

Moon's  Sun's  Sun's      ,    Moon's 

Mean  Ano-  Mean  A  no-  Mean  Lon-  Mean  Arg 

maly.       ■      nialy.  gitude.  Lat. 


-f-  68.73 

-  157. QO 

-  24.52 
H-  108.85 

-  117.77 

H-  15.61 

H-  14S.98 

-  7764 
-I--  55-73 

-  170.89 

-  46.27  i 
H-  78.36 

-  157  00 

-  35.27 
H-  89.38 

-  145.96  I 

-  24.20  ' 
+  100.47 

-  134. 85  I 

-  10.17 

+  111.63 

-  123.67 
H-  1.04 
+  125.75 

-  112.41 

+  12.31 

+  137.04 

-  98.21 
-h  23.66 
+  148.41 


318.2953  I  -  86. S3 

277. 691^  -H  37-94 

247.9246  -+-  159-85 

207  3282  -  75.37 


344.67 
272.63 
200.60 
12S.54 
56.48 

344.43 
272.38 

200.33 

128.28 

50.25 

15.67 
335.13 
294.57 
264.52 
223.97 

183.43 
153.35 

II 2. 82 
72.25 

31.73 

1.67 
321 .08 
280.53 

239.97 
209.93 

169.40 

128.85 

88. 28 
58  23 
17.65 

337.10 

296.53 
266.47 

225.93 


221 .25 
149.27 

5  30 
293.33 

221.35 

149.37 

77-37 

5.38 

293.40 

253.82 
214.28 
1 74 . 68 

145.93 
106.35 

66. 78 
38.00 

358.43 
318.85 

279.30 


236.40 
196.82 
168.05 
128.50 


-14  052 
-12.536 

—  II  .021 

:  -  9.505 

—  7.988 

I  -  6.472 

—  4.955 

—  3.439 

—  1.921 

—  0.403 

—  0.259 

—  o. :i6 
+  0.025 

—  0.294 
j  —  0.156 

—  0.019 

—  0.345 

—  0.210 

—  0.078 
-H  0.054 


250.52  —  0.279 

210.93  —  o.  151 

171.35  I    -  0.024 

131.78  +  o. 102 

103.03  —  0.239 

63.47  —  O.I  16 

23.90  ;    H-  0.005 

344.30  -I-  0.125 

31555  -  o  223 

275.97  —  o.  106 


4-  0.008 

-i-  o.  122 

—  0.233 

-  0.123 


Conj. 
Point, 


25 
26 

27 

28 

29 

30 

31 
32 
33 
34 

35 
36 

37 
38 
39 

40 

41 
42 

43 
44 

45 
46 

47 

48 

49 

50 

51 
52 

53 
54 

55 
56 

57 
5^ 


Fictitious  Date 

of  Central  Mean 

Conjunction 


y- 

866 

924 

1000 

1058 

TI16 

1173 
1249 

1307 

1365 
1423 

1481 

1539 
1615 

1673 
1730 

1788 
1846 

1904 
1980 

2038 

2096 

2154 
2212 
2270 
2327 

2331 

2335 
2339 
2343 
2346 

2350 

2354 

2358 
2362 


J. 
166.7316 

126.1349 

96.3598 
55.7627 
15.1656 

339.8183 
310.0425 
269.4450 
228.8473 
188.2  496 

147.6517 
107.0536 

77.2768 

36.6783 

361 .3299 

320.7313 
280.1325 

239-5337 

209.7557 
169.1565 

128.5573 

87. 9579 

47-5584 

6.7587 

331.4091 

258.3466 
185.2842 
112.2218 

39- 1593 
331.3468 


Moon's 
jMean  Ano- 
maly. 


+  49-43 

-+-  174.22 

-  63.83 
4-  60.98 

-  174.20 

-  49-37 
-H  72.61 

-  162.55 

-  37.70 
+  87.16 

-  147.98 

—  23.11 

+  98.93 

—  136.19 

—  11.29 

H-  1 1 3 .  60 

—  121.49 
+        3.42 

+  125.51 

—  109.56 

+  15.37 

-»-  140.32 

~  94.73 

H-  30.22 

H-  155.19 

-  71.42 
-J-  61.98 

—  164.62 

—  31.22 
-h  102.18 


/  I 

Sun's 
Mean  Ano- 
maly. 


Sun's 
Mean  Lon- 
gitude. 


258.2844 

—     124.42 

261.60 

185.2220 

-H         8.98 

189.55 

112. 1596 

-r    142.38 

117.50 

39.0972 

-      84.22 

45.45 

185.37 
144.78 

114.75 
74.18 

33.63 
353.08 

323.02 
282.45 

241.87 

201.28 

160.75 
120.20 

90.17 
49.58 

9.02 

328.47 
287.88 

247.32 

217.27 
176.68 

136.13 

95.60 

55.03 

14.43 

333.87 

261.83 

189.79 

117.75 

45.70 

333.65 


88.92 

49-33 
20.57 

34t.oo 
301.43 

261.87 
233.10 

193. 53 
153.95 
114. 37 

74.80 

35.23 

6.48 

326.90 

287.33 

247.77 
208.19 

168.62 

139.87 
100.28 

60.72 
21.15 

341.58 
302.00 
262.43 

190.45 

118.47 

46.50 

334.52 
262.53 


Moon's 
.Mean  Ar/; 
Lat. 


—  0.013 
4-  0.094 

—  0.269 

—  0.165 

—  0.062 

+  0.040 

—  0.333 

—  0.234 

—  0.137 

—  0.042 

+  0.052 

4-  0.145 

—  0.239 

—  0.150 

—  0.062 

+  0.024 
-h  0.108 
4-  0.192 

—  0.204 

—  0.124 

—  0.046 
4-  0.031 
4-  0.106 
4-  0.180 
4-  0.252 

-H  1.763 
-h  3.275 
+  4.787 
4-  6.29S 
4-    7.809 


190.55  +   9.321 

118.57  4-10.832 

46.58  +12.344 

334-59  ,   +13.85^ 


The  WM-oiul  and  third  coluiuiis  of  Tables  V  and  VI  j;iv«*,  with  soiih*  ex<*<'i>ti<)iis  iiotrd  on  pM^«*  8,  the  djitfs  of  thow  mean  now  nioous  which 
omir  nearest  to  the  nodes.     The  four  columns  following  Ki^'**  ^^•''  values  of  the  four  prin<'i)>al  ar;juineiits  for  these  dates. 

The  iiiimher  of  the  (•<uiJuiH'tion  point  at  whieh  an  e<'lipse  oc<'Ui-s  may  he  fiuiiid  from  the  results  of  Tahles  I,  U,  and  IV,  an  follows: — Pnt  t 
for  the  fiacti(»n  of  a  ci-ntiiry  which  has  elap.si-d  since  the  last  preceding  passage  of  a  coujunctioii  point  thn)ugh  the  corre8[>ondiug  node,  asfoand 
on  p.  14,  and  m^  for  the  iiuinher  of  that  iioiiit.     Then,  the  (plant ity 

«,-f  I3/-0.64D 

will  be  nearly  an  integer,  which  integer  will  be  the  number  of  the  point  Hought,  and  the  argument  for  Table  V  or  VI. 
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Table  VI. — Mean  Elements  of  Eclipses  at  Descending  Is  ode. 


T 

^ 

l 

«o 

-180" 

T 

s 

• 

,         L 

«o 

-180"    1 

1 

>onj. 

Fictitious 

Julian  Date 

Moon's 

Sun's 

Sun's 

Mo«»n's 

Conj. 

Fictitious 

Julian  Date' 

Moon's 

Sun's 

Sun's 

Moon's 

*oint. 

of  Central  Mean 

Mean  .Ano- 

.Mean  Ano- 

.Mean  Lon- 

VIean Arg. 

Poini. 

'       ofCeni 

[ral  Mean 

Mean  Ano- 

.Mean  Ano- 

! Mean  Lon- 

Mean  Arg. 

Conjunction. 

1 

maly 

ma!)-. 

c 

gitude. 

0 

Lat. 

ConJL 

inction. 

maly 

0 

maly. 

0 

1    gitude. 

0 

i 
1  — 

Lat. 

1 

^ 

./. 

1 

0 

I02 

-     11^ 

-1-322.7073 

— 

170.66 

3?4.43 

230.23 

— 

1 3 . 665 

136 

837 

+  187.0300  ■ 

H- 

167.03 

205.65 

108.72 

— 

0.068 

103 

-     767 

249  645 2 

— 

37.28 

2S2.40 

158.26 

— 

12. 150 

137 

895 

146.4333 

— 

68.17 

165.07 

69.12 

H- 

0.040  . 

104 

-     763 

176.5832 

H- 

96 .  09 

2 1 0 . 36 

86. 2S 

— 

10.635 

138 

953 

105.8365 

+ 

56.63 

124.53 

29. 57 

4- 

0.147 

105 

-     759 

103.5212 

— 

130.53 

138.30 

14.30 

j 

9. 119 

»39 

1011 

65 . 2396 

— 

178.56 

84.00 

350.00 

4- 

0.252 

106 

-     755 

30.4592  1 

-f- 

2.84 

66.25 

302.31 

— 

7.602 

140 

1069 

24.6425 

— 

53.75 

43.43 

310.43 

4- 

0.357 

107 

-     752 

322.6471 

+ 

136.22 

354.21 

230.33 

— 

6.086 

141 

"44 

360.1170 

H- 

68.22 

13.37 

28 1 . 65 

~~ 

O.OII 

loS 

!  -     748 

249.5851 

— 

90.41 

282. 17 

158.35 

— 

4.569 

142 

1202 

3'9.5I97 

— 

166.95 

332.82 

242. 10 

4- 

0.090 

109 

;  "     '^■*-* 

176.5231 

-f- 

42.97 

210.12 

86.36 

— 

3052 

143 

1260 

27S.9222 

— 

42. 12 

292.27 

202.55 

4- 

0.189 

no 

-     740 

103. 461 I 

4- 

176.34 

138.08 

14.38 

— 

1.535 

144 

»336 

2^9. 1462 

-H 

79.88 

262. 17 

173.75 

— 

0.186 

III 

,  -     736 

1 

30.3990 

— 

50.28 

66 .  03 

302 . 40 

— 

0.018 

145 

>394 

208.5485 

^ 

155.27 

221.58 

134.17 

^^ 

0.090  ; 

112 

—    679 

355.0555 

-+- 

74.33 

25  45 

262  82 

+ 

0. 127 

146 

1 

1452 

1 

167.9506 

— 

• 

30.41 

181.03 

94.58 

+ 

1 

0.005 

113 

.  —     603 

325.2849 

— 

163.95 

355.37 

234.02 

— 

0.188 

147 

1       1510 

127.3527 

-1- 

94.46 

140.48 

55.02 

4- 

0.098  , 

114 

-     545 

284.6908 

— 

39  32 

314.82 

'94  43 

— 

0.04^ 

148 

1568 

86.7546  ' 

— 

140.67 

99.90 

15.43 

4- 

0.190 

115 

-     487 

244.0970 

-+- 

85.32 

274.30 

154. iK> 

-1- 

0.095 

149 

1626 

46.1564  ! 

— 

15.79 

59.38 

'     335.90 

4- 

0,280 

116 

-     411 

214.3254 

— 

152.94 

244.25 

126. 13 

— 

0.225 

150 

1702 

16.3792 

1 

+ 

106.26 

29.32 

'     307.13 

^ 

0.106  ' 

117 

-     353 

173. 73U 

__ 

28. 29 

203.70 

86.57 

— 

0.087 

151 

1759 

1 

341.0306 

— 

128.85 

1 

348.73 

'     267.55 

— 

0.019  '< 

118 

;   -     295 

133.1372 

-+- 

06.37 

163.15 

47.00 

+ 

0.049 

152 

1817 

300.4319  i 

— 

3-95 

1    308.17 

1     227.97 

4- 

0.066  t 

1 

119 

-     237 

92.5428 

— 

138.96 

122.58 

7.42 

+ 

0.184 

153 

,       1875 

259.8331 

H- 

120.96 

267 . 60 

188.40 

4- 

0.150  ' 

120 

-     161 

62.7708 

— 

17.19 

92.53 

338.65 

1  — 

0.144 

»54 

1933 

219.2342 

— 

114.12 

227.03 

148.83 

4- 

0.233 

121 

—     103 

22.1762 

+ 

107.49 

51.98 

299.07 

1 

0.012 

155 

2009 

189.4562 

4- 

7.98 

196.98 

120.08 

— 

0.164  ' 

122 

-       46 

346.8314 

__ 

127.82 

"45 

2^9.50 

H- 

0. 119 

156 

2067 

148.8570 

4- 

132.91 

156.42 

,       80.50 

— 

0.085 

1 

123 

-h        30 

317.0589 

.  — 

6.02 

341.37 

230.72 

— 

0.215 

157 

2125 

108.2576 

— 

102.15 

115.87 

1       40.93 

— 

0.008 

124 

88 

276.4639 

-h 

II&.63 

300.83 

191.17 

— 

0.087 

158 

2183 

67.6582  ' 

4- 

22.79 

75.32 

1.37 

4- 

0.068 

125 

146 

235.8687  . 

— 

116.61 

260.27 

151.58 

-h 

0.039 

'59 

2241 

27.0586 

4- 

147.74 

34.73 

321.78 

-h 

0.142 

126 

204 

195.2736 

-h 

8. II 

219.70 

1 1 2 . 02 

-h 

0. 164 

160 

2298 

35».7090  , 

— 

87.30 

354.18 

282.26 

4- 

0.214 

127 

2S0 

165.5003 

+ 

129  95 

189.67 

S3. 25 

— 

0.177 

161 

2302 

278.6465 

+ 

46. 10 

282.12 

210.25 

4- 

1.727 

128 

338 

124.9047 

— 

105.32 

149. 10 

43. ^'7 

— 

0.055 

162 

2306 

205.5841 

4- 

179.50 

210.07 

'     138.27 

4- 

3.239 

129 

396 

84.3091 

+ 

19.42 

108.55 

4.  10 

1   -h 

0.065 

163 

2310 

132.5217 

— 

47.10 

138.02 

66.28 

4- 

4.750 

130 

454 

43.7133 

-h 

144.16 

63. 00 

3^4.52 

i- 

0.184 

164 

2314 

59  4592 

4- 

86.29 

65.97 

354.28 

4- 

6.263  ' 

131 

530 

i 3.9394 

— 

93.97 

37.93 

295.75 

1 

0. 165 

165 

2317 

351.6468 

— 

140.31 

353.92 

282.30 

+ 

7.773 

132 

587 

338.5934 

+ 

30.79 

357.38 

256.18 

— 

o.Oi9 

166 

2321 

278.5844 

— 

6.91 

281.85 

210.32 

4- 

9.287 

133 

645 

297.9972 

•  + 

^55.56 

316.83 

216.62 

+ 

0  066 

167 

2325 

205.5219 

4- 

1 26 . 49 

209.80 

138.34 

4-10.800 

>34 

703 

257.4015 

— 

79 .  66 

276.25 

177  03 

-f 

0.179 

16S 

2329 

132.4595 

— 

100. ri 

137.74 

66.35 

+  12.312 

135 

761 

216.8046 

H- 

45.11 

235. 6S 

137.47 

'    4 

0.2ip 

169 

2333 

59.3971 

+ 

33.28 

65.69 

354.37 

+  13.823 

In  Table  VI  the  vaIn«'Hof  11^  are  giv«Mi  in  the  la.st  (M»lunin  jih  it'<M>uiit«Ml  from  tlio  d«'8<«  ndiiig  node,  Init,  to  niak*^  tli«'  iiotati<m  uniform,  these 
an*  roiiHidere<l  aM  values  of  «^  —  180^,  u^  being  always  eount(*d  from  th<'  ase<*ndiiig  node. 
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Table  VII. — Reduction  of  Quantities  in  the  Preceding  Tables  to  Corresponding  Conjunctions  in  Other  Cycles. 


Year  0. 

1000. 

Reduction 

1 
2000. 

of  T. 

Change  for — 

Year  0. 

1000. 

Reducti 
2000. 

on  of  g. 

Change  fc 

Cycles. 

»r — 

* 

d. 

d. 

10O>'. 

200^. 

300>'. 

400  y. 

i  500;'. 

1 

0 

0 

0 

100^'. 

1 

zooy. 

3oo>'. 

400^ 

.  500/. 

y,        d. 

■ 

i 

I 

18  10.8224 

10.8217 

10.8211  1 

I 

I 

2 

2 

3  i 

—  2.89 

-  2.86 

—  2.82 

0 

I 

I 

2 

;   2 

2 

36  21.6447 

21.6435 

21 .6422 

I 

1 

3 

4 

5 

6 

5.78 

5.72 

5.64 

I  1 

I 

2 

3 

4 

3 

54  32-4671 

32.4652 

32.4633 

2 

4 

6 

8 

9 

8.68 

8.58 

8.47 

I 

2 

3 

4 

6 

4 

72  43.2895 

43.2869 

43.2844 

3 

5 

8 

10 

13 

11.58 

11.43 

11 .29 

I  , 

3 

4 

6 

7 

5 

90  54. "I9 

54.1086 

54.1055 

1 

3 

6 

10 

13 

16 

14.47 

14.29 

14.12 

2 

1 

4 

5 

7 

9 

6 

108  64.9342 

64.9304 

64.9265  , 

4 

8 

11 

15 

19 

-  17.3'» 

-  17. »5 

-  16.94 

2 

1 

4 

6 

9 

.  n  . 

7 

126  75 '7566 

75.7521 

75.7476 

4  ; 

9 

13 

18 

22  1 

20.26 

20.01 

19.76 

1 
3 

5 

8 

10 

!  12 

8 

144  86.5790 

86.5738 

86.5687 

5  1 

10 

15 

20 

26 

23.15 

22.87 

22.58 

3 

6 

8 

II 

14 

9 

162  97.4013 

97.3956 

97.3898 

6  ; 

12 

17 

23 

29 

26.05 

25.73 

25.41 

3 

6 

9 

13 

16 

lO 

180  108.2237 

108.2173 

108.2109 

6 

13 

»9 

26 

32 

28.94 

28.59 

28.23 

4 

1 

7 

II 

14 

18 

II 

198  119.0461 

119.0390 

119.0320 

7 

14 

21 

28 

35 

-  31.83 

-  31.44 

-  3»-05 

1 
4 

8 

1 
1 

11 

16 

19 

12 

216  129.8684 

129.8608 

129.8531 

8 

15 

23 

3i 

38 

34.73 

34.30 

33-88 

4 

8 

13 

17 

21 

13 

234  140.6908 

140.6825 

140.6742 

8 

1 

17 

25 

33 

42 

37.62 

37-16 

36.70 

5 

9 

14 

19 

23 

14 

252  151. 5132 

151.5042 

151-4953 

9  ■ 

18 

27 

36 

45 

40.52 

40.02 

39.52 

5 

10 

15 

20 

24 

15 

270  162.3356 

162.3259 

162.3164 

10  ' 

19 

29 

38 

48 

43-41 

42.88 

42.35 

5 

11 

16 

22 

26 

i6 

288  173.1579 

173.1477 

173.1374 

10 

21 

31 

41 

51 

—  46.30 

-  45.74 

-  45-17 

1 
6 

11 

17 

23 

23 

17 

306  183.9803 

183.9694 

183.9585 

11 

22 

33 

44 

55 

49.20 

48.<H> 

47.99 

6 

1 

12 

18 

24 

30 

i8 

324  194.8027 

194.79" 

194.7796 

12 

23 

35 

46 

58 

52.09 

51.45 

50.81 

6  , 

13 

19 

26 

3» 

19 

342  205.6250 

205.6129 

205 . 6007 

12 

24 

37 

49 

61 

54-99 

54.31 

53  64 

7  ; 

13 

20 

27 

33 

20 

360  216.4474 

• 

216.4346 

216.4218 

13 

26 

38 

51 

64 

57.88 

57.17 

56.46 

7 

14 

21 

29 

35 

21 

378  227.2697 

227.2563 

227.2429 

14 

1 

27 

40 

:  54 

67 

-  60.77 

—  60.03 

-  59-28 

7 

»5 

22 

1 

30  : 

37 

22 

396  238.0921 

238.0781 

238.0640 

1 

14 

28 

42 

56 

7i 

63.67 

62.89 

62.11 

8 

15 

23 

32 

39 

23 

414  248.9145 

248.8998 

248.8851 

15 

29 

'  44 

59 

74 

66.56 

65-75 

64.93 

8 

16 

24 

33 

41 

;  ""^ 

432  259.7369 

259.7215 

259.7062 

15 

31 

46 

1  62 

77 

69.43 

68.61 

67.75 

8 

17 

25 

34 

42 

25 

1 

450  270.5593 

270.5432 

270.5273 

16 

32 

'  48 

64 

80 

72.35 

71.46 

70.58 

9 

17 

26 

36 

44 

26 

468  281.3817 

281.3650 

281.3483 

i  17 

33 

1  50 

i 

66 

■  83 

-  75.24 

-  74-32 

-  73.40 

9 

18 

27 

37 

45 

27 

486  292.2041 

292. 1867 

292.1694 

17 

35 

52 

6g 

86 

78.13 

77.18 

76.22 

10 

19 

28 

38 

47 

i    28 

504  303.0264 

303.0084 

302 . 9905 

18 

36 

'  54 

72 

90 

81 .03 

80.04 

79-05 

10 

20 

29 

39 

49 

29  • 

522  313.8488 

313.8302 

313.8116 

18 

37 

1  5^ 

74 

93 

83.92 

82. 90 

81.87 

10 

20 

31 

41 

51 

1  30 

1 

540  324.6712 

324.6519 

324.6327 

1  '9 

38 

58 

77 

96 

86.82 

85.76 

84.69 

11 

21 

32 

42 

53 

31 

558  335.4935 

335.4736 

335.4538 

20 

40 

59 

79 

99 

-  89.71 

-  88.62 

-  87.52 

11 

22 

33 

44 

55 

32 

576  346.3159 

346.2954 

346.2749 

20 

41 

61 

'  82 

102 

92.61 

91.47 

90.34 

11 

23 

34 

1 

45 

56  1 

\       33 

594  357.1383 

357.1171 

357.0960 

.  21 

42 

^  63 

•  84 

106 

,    95-50 

94.33 

93.16 

12 

23 

1 

35 

47 

58 

34 

613   2.7107 

"2.6888 

2.6671 

22 

44 

1  ^5 

87 

109 

98.39 

1 

97.19 

95.98 

12 

24 

36 

48 

60 

35 

1 

631  13.5330 

13.5105 

13.4882 

22 

45 

67 

90 

112 

loi .29 

100.05 

98.81 

•  12 

25 

37 

50 

62 

:    36 

1  649  24.3554 

24.3322 

24 . 3092 

23 

46 

69 

,  92 

115 

—  104. 18 

—  102.91 

—  101 .63 

13 

25 

'  38 

1 

51 

63 

37 

667  35.»778 

1 

35.1539 

35.1303 

24 

47 

71 

95 

119 

107.07 

105.77 

104.45 

»3 

26 

39 

52 

65 

Haviiij<  idi'iitititrd  th«»  central  colips*^  of  the  series  to  which  the  n'([uirc<l  one  belongn,  tlie  times  and  arguments  from  Table  V  or  VI  are  to 
Imi  reduced  to  tlie  required  date,  for  the  number  of  periods  elapsed,  by  means  of  Table  VII.  Here  the  time  is  to  correspond,  to  the  middle  of  the 
elapsed  interval.     If  the  eclipse  examined  precedes  the  central  one  in  time,  the  signs  of  all  the  quantities  an*  to  be  changed. 
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Table  VII. — Eeduction  of  Quantities  in  the  Preceding  Tables,  etc. — Continued. 


Cycles. 


Reduction  of  ^'. 


Year  a 


2000. 


Year  o. 


o 

0 

0 

I 

+  10.50 

+  10.49 

+  10.80 

2 

20.99 

20.99 

21.61 

3 

31-49 

31-48 

32.41 

4 

41.99 

41.98 

43.21 

5 

52.48 

52.47 

54-01 

6 

+  62.98 

-♦-  62.97 

• 
+  64.82 

7 

73.48 

73-46 

75.62 

8 

83.98 

83.96 

86.42 

9 

94.48 

94-45 

97.23 

lO 

104.97 

104.94 

108.03 

II 

+  115-47 

+  115.44 

+  118.83 

12 

125.96 

125.93 

129.64 

13 

136.46 

136.43 

140.44 

14 

146.96 

146.92 

151.24 

15 

157.45 

157.42 

162.04 

i6 

+  167.95 

+  167.91 

•  172.85 

17 

178.45 

178.41 

183.65 

i8 

188.95 

188.90 

194.45 

19 

199.44 

199.39 

205 . 26 

20 

209.94 

209.89 

216.06 

21 

+  220.44 

-+-220.38 

+  226.86 

22 

230.94 

230.88 

237.67 

23 

241.43 

241.37 

248.47 

24 

251.93 

251.87 

259.27 

25 

262.43 

262.36 

270.07 

26 

+  272.92 

1 

+272.86 

+  280.88 

27 

283.42 

283.35 

291.68 

28 

293.92 

293.85 

302.48 

29 

304.41 

304.34 

313.29 

30 

314.91 

314.83 

324.09 

31 

+  325.41 

+  325.33 

+  334.89 

32 

335.91 

335-82 

345.69 

33 

346.41 

346.32 

356.50 

34 

356.90 

356.81 

7-30 

35 

7-39 

7.31 

ft 

18.10 

36 

+  17.89 

+  17.80 

+28.90 

37 

28.39 

28.29 

39-70 

)n  of  L. 

2000. 

Year  0. 

0 

0 

+  10.80 

-  0.463 

21.61 

0.926 

32.41 

1.389 

43.22 

1. 851 

54.02 

2.314 

+  64.82 

-  2.777 

75.63 

3.240 

86.43 

3.703 

97.24 

4. 166 

108.04 

4.628 

+  118.84 

-  5.091 

129.65 

5.554 

140.45 

6.017 

151.25 

6.480 

162.06 

6.943 

+  172.86 

-  7.406 

183.67 

7.868 

194.47 

8.331 

205.27 

8.794 

216.08 

9-257 

+  226.88 

• 

-  9.720 

237.68 

10.183 

248.49 

10.646 

259.29 

II. 108 

270.10 

".571 

+  280.90 

—  12.034  . 

291.70 

12.497 

302.51 

12.960 

313.31 

13.422 

324.12 

13.885 

+  334.92 

-14.348 

345.72 

14. 811 

356.52 

15.274 

7-33 

15.736 

18.13 

16.199 

.  +  28.94 

—  16.662 

39.74 

17.125 

Reduction  of  u. 


1000. 


0.470 
0.940 
1. 411 

].88i 

2.351 

■  2.822 
3.292 

• 

3.762 
4.233 
4.703 

"  5.173 
5.644 
6. 114 

6.584 
7.054 

•  7.525 
7.995 
8.465 
8.936 
9.406 

9.876 

10.347 
10.817 

11.287 

11.758 

J2.228 
12.698 
13.168 

13.639 
14.109 

14 -579 
15.050 

15.520 

15.990 

16.460 

16.931 
17.401 


2000. 


Change  for  — 


0.478 
0.956 

1.433 
1. 911 
2.389 

2.867 

3-345 
3-822 

4.300 

4.778 

5.256 

5.734 
6.211 

6.689 

7.167 

7.645 
8.123 
8.600 
9.078 
9.556 

10.034 
10.512 
10.989 
1 1 . 467 
11.945 

12.423 
12.901 
13.378 
13.856 
14.334 

14.812 
15.290 
15-768 
16.245 
16.722 

17.200 
17.678 


100^. 


1 
I 
2 

3 
4 

4 

5 
6 

7 
7 

8 

9 
10 

II 

II 

12 

13 
13 
14 

15 

16 
16 

17 

18 

19 

19 
20 

21 

22 

22 

23 
24 

25 

25 
26 

27 

28 


200^.       3oo>'.       400>'.      soo^'. 


2 

2 

3 

4 

3 

4 

6 

7 

4 

7 

9 

II 

6 

9 

12 

15 

7 

II 

15 

19 

9 

13 

18 

22 

10 

16 

21 

26 

12 

18 

24 

30 

13 

20 

27 

34 

15 

22 

30 

37 

16 

25 

33 

41 

18 

27 

.   36 

1 

45 

19 

29 

39 

48 

21 

31 

42 

52 

22 

34 

J   -45 

56 

24 

36 

48 

60 

25 

38 

51 

64 

27 

40 

54 

68 

28 

43 

57 

71 

30 

45 

60 

74 

31 

47 

63 

78 

33 

49 

66 

82 

34 

52 

69 

86 

36 

54 

72 

90 

37 

56 

75 

1 

93 

39 

58 

.   78 

97 

40 

61 

81 

lOI 

42 

63 

!  84 

104 

43 

65 

87 

108 

45   1 

67 

90 

112 

46 

70 

1 
93 

116 

48 

72 

96 

120 

49 

74 

99 

124 

51 

76 

102 

127 

52  ■ 

! 

79 

105 

131 

54 

81 

1   108 

134 

55 

83 

III 

138 

Having  identified  the  central  eclipse  of  the  series  to  which  the  required  one  belongs,  the  times  and  arguments  from  Table  V  or  VI  an*  to 
be  reduced  to  the  required  date,  for  the  numl)er  of  periods  elajMjed,  by  means  of  Table  VIL  Here  the  time  is  to  corresiMuid  to  the  middle  of  the 
•lapsed  interyal.    If  the  eclipse  examined  precedes  the  central  one  in  time,  the  signs  of  all  the  quantities  are  io  be  changed. 
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Table  VIII,  Arg,  g. — For  Reduction  to  Moment  of  True  New  Moon. 


d  T  =  —  o**,4o89  sin  g  -+-  o**.oi6i  sin  2g  —  o**.ooo4  sin  3^. 


i 

o'' 

lO** 

1 

20' 

30' 

40° 

50° 

60" 

70' 

So'* 

1 

0 

//. 

d. 

;       d 

d. 

d. 

d. 

d. 

d. 

d. 

0 

0 

—  .0000  + 

—  .0657  4- 

-.1298   -+- 

—  .1910   4- 

-.2473   + 

-.2975   + 

— . 3402  4- 

-.3736  4- 

—  .3969  + 

10 

66 

65 

.  ^3 

,    59 

53 

46 

38 

28 

»7 

I 

.0066 

.0722 

.1361 

.1969 

.2526 

.3021 

.3440 

.3764 

.3986 

9 

66 

65 

63 

58 

i         53 

46 

37 

27 

15 

2 

.0132 

.07S7 

.1423 

.2027 

.2579 

.3067 

.3477 

.3791 

.4001 

8 

66 

6s 

63 

S8 

52 

45 

36 

36 

X5 

3 

.0198 

.0852 

.i486 

.2085 

.2631 

.3"2 

.3513 

.3817 

.4016 

7 

65 

65 

61 

57 

^   51 

44 

35 

25 

»3 

4 

—  .0263   -H 

-.0917   + 

-.1547  -H 

-.2142   -f 

-.2682   + 

-.3?56  4- 

-.3548   4- 

.3842  4- 

—  .4029   4- 

6 

66 

64 

1 

63 

57 

51 

43 

34 

24 

la 

5 

—  .0329   + 

—  .0981   H- 

—  .1609  H- 

—  .2199   + 

— .  2733  4- 

-•3199   + 

-.3582   + 

- . 3866  4- 

—  .4041   4- 

5 

66 

64 

61 

56 

50 

4a 

33 

23 

II 

6 

.0395 

.1045 

.1670 

.2255 

.2783 

.3241 

•3615 

.3889 

.4052 

4 

65 

64 

6z 

55 

49 

42 

32 

33 

zo 

7 

.0460 

.1109 

.1731 

.2310 

.2832 

.3283 

.3647 

.39i» 

.4062 

3 

66 

63 

60 

55 

48 

40 

30 

ao 

9 

8 

.0526 

.1172 

.1791 

.2365 

. 28S0      ' 

•3323 

.3677 

.3931 

.4071 

2 

66 

63 

60 

54 

48 

40 

30 

30 

8     ^ 

9 

.0592 

.1235 

.1851 

.2419 

.2928 

.3363 

•3707 

.3951 

.4079 

I 

65 

63 

59 

54 

47 

39 

29 

18 

6 

10 

—  .0657   -H 

1 

—  .1298  4- 

—  .1910   -f 

-.2473   + 

--•2975   + 

-  .  3402   4- 

-  •  3736  4- 

-.3969   + 

-.4085   4-  , 

0 

350'' 

340° 

1 
330^ 

320" 

310" 

300' 

290** 

280** 

270** 

^ 

1 

1 

1 

1 

1 

i 

0 

90^ 

100* 
d. 

no'' 
d. 

120** 
d. 

130* 

-'40*' 
d. 

150^ 

160** 

I70* 

d. 

d. 

d. 

d. 

d. 

c 

0 

—  .4085   + 

- .  4079   -H 

~.394*  -*- 

-.36S0  4- 

-.3293   + 

-.2791   -H 

—  .2188   4- 

—  .  1 506  4- 

-.0767   4- 

10 

5 

8 

31 

33 

45 

56 

65 

72 

.  ^ 

I 

.4090 

.4071 

.3923 

.3647 

.3248 

.2735 

.2123 

.1434 

,0691 

9 

1 

3 

9 

33 

.      35 

47 

57 

66 

7« 

76 

!     2 

.4093 

.4062 

.3901 

.3612 

.3201 

.2678 

.2057 

.1362 

.0615 

8 

3 

JO 

23 

36 

47 

58 

67 

72 

77 

3 

4096 

.4052 

.3S7S 

•3576 

.3154 

.2620 

.  1990 

.1290 

.0538 

7 

1 

I 

II 

24 

37 

49 

.    59 

67 

73 

76 

i    4 

-.4097   4- 

—  .4041   4- 

-.3854    + 

-.3539   4- 

-•3«05  -H 

-  2561   -H 

-.1923   H- 

-.1217   -1- 

—  .0462   4. 

6 

1 

1 

0 

>3 

36 

38 

50 

60 

68 

74 

77 

i 

5 

-.4097   4- 

—  .4028   4- 

-.3828   4- 

-.3501   4- 

-.3055  -l- 

-.25or  4- 

-.1855   4- 

-.1143   H 

-.0385   4- 

5 

z 

M 

27 

39 

51 

61 

69 

74 

77 

6 

.4096 

.4014 

.3801 

.3462 

.3004 

.2440 

.1786 

.1069 

.0308 

4 

a 

16 

3^ 

4> 

52 

62 

69 

75 

77 

7 

.4094 

.3998 

.3773 

3121 

.2952 

.2373 

.1717 

.0994 

.0231 

3 

4 

z6 

30 

4« 

52 

63 

70 

75 

77 

8 

.4090 

.3982 

.3743 

.33^0 

.2(;00 

.2316 

.1647 

.0919 

.0154 

2 

5 

«9 

3« 

43 

54 

64 

70 

76 

77 

9 

.4085 

.3963 

.3712 

.3337 

.2846 

.2252 

.1577 

.0843 

.0077 

I 

6 

«9 

32 

44 

55 

64 

71 

76 

77 

10 

— .  4079  4- 

- .  39-44  + 

-.3^80   4- 

-.3293   -+- 

-.2791   -h 

-.2rS8  -h 

—  .  1 506   4- 

-.0767   + 

—  .0000  4- 

0 

^ 

260° 

250' 

1 

240" 

230'' 

220" 

• 

210' 

200° 

190° 

180* 

^ 
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Table  IX,  Arg,  q' . — For  Beduction  to  Moment  of  True  New  Moon. 


ST  =  -\-  o**.i743  sin/  +  o**:oo2i  sin  2g\ 


g 


o 

d. 

0 

-H.oooo 

3> 

I 

.003: 

2 

32 
.0063 

30 

3 

.OOQ3 

3> 

4 

-H.OI24 

32 

5 

.  +.0156 

6 

3» 
.0187 

30 

7 

.0217 

8 

3« 
.0248 

3« 

9 

.0279 

3X 

JO 

+  .0310 

10' 


20^ 


30 


40- 


50* 


60* 


d. 

+  .0310    — 


.0341 
.0371 

.0401 


3» 


30 


30 


d. 

-H.0609 

2 
.0639' 

.0668 


30 


a9 


.0696 


a8 


31 


29 


—        4-.O432      —        +.0725      — 


3» 


27 


—    ,    +.0462       —        +.0752       — 


.0492 

4 

.0521 
.0551' 


30 


29 


30 


.0781 

* 

.0808 

.0836 


29 


27 


28 


.0580 


29 


.0863 


27 


29 


27 


—  4-.O6O9         —  +.0890         — 


350^ 


340 


330^ 


d. 


d. 


-|-.o8go     —      +.1140 


.0916 

.0943 
.0969 


96 


27 


26 


.1165 
.1187 


25 


22 


23 


.1210 


d. 

+.1356 

1 

.1375 

] 

.1394 

1 

MI3 


>9 


19 


19 


d. 

'    -f  .1528 

M 
.1542 

.1556 


25 


22 


17 


1570 


M 


+  .0994       —        +.1232       -        +.1430      —        +-1583 


»3 


25 


21 


«7 


13 


-+-.IOI9      —        -H.I253      —        +.1447      —       +.1596      — 


26 


22 


.1045 


.1069 


24 


24 


.1093 

a 
.1117 


24 


.1275 

.1296 
9 

.1316 
a 

.1336 


21 


90 


90 


23 


20 


-+-.II4O        —     ,     4-.  1356        — 


320* 


310* 


12 


.1608 
1 

.1620 
I 

.1630 


12 


10 


.1641 


II 


10 


—  +.1651  — 


390 


70' 


d. 
-+-.I65I 

.1661 


10 


.1670 

9 
.1679 
8 
-f.1687      — 


-+-.1694      — 
6 
.1700 

7 
.1707 
6 

.>7'3 

6 

.1719 
5 
+  .1724      - 


80* 


280' 


d, 
-H.1724 


.1728 

9 

4 

.1732 

S 

3 

.1735 

7 

2 

-^.1737      - 

6 

3 

+  .1740      - 

5 

2 

.1742 

4 

I 

.1743 

3 

0 

.1743 

2 

I 

.1744 

I 

I 

+  .1743      - 

0 

270' 


10 


g 


o 
I 

2 

3 
4 

5 
6 

7 
8 

9 
10 


90^ 


d. 

+  .1743     - 

I 

1742 

1741 

2 

1739 

3 
1736      - 
4 


1732 
1729 

1725 
1720 
I716 


260* 


100 


d. 
+  .1710  — 

7 

.t703 

6 

.1697 

8 
.1689 

7 
+ . 1682   — 
8 


+  .1674   - 


.1665 
•165; 
.1646 
.'635 


10 


II 


10 


1710   —  :  +.1625    — 


110^ 


250* 


d. 
-f  .1625 

.1613 

.1602 

.1590 


12 


II 


12 


12 


120 


d. 

4-  .  1492 

] 

•1475 
1 

.1141 


>7 


16 


18 


16 


+  .1578      -       4-.  1425      - 


14 


18 


130 


d. 

-I-I314 

a 

.1294. 

a 
.1274 

a 
.1254 


140' 


d. 
+  .1100 


20 


20 


20 


.1077 

a 
.1053 


93 


24 


.1029 


24 


21 


24 


150^ 


d. 
+  .0852 

a 
.0827 

a 
.0800 


25 


27 


160' 


26 


d. 

+  .0583 

29 
I         .0554 
I  27 

.0527 

28 


170^ 


:        d 
—  '  +.0296    — 


.0774 


.0265' 

a 
.0236 


3« 


29 


,0499 


.0207 


29 


27 


+  .1233      —       -+-.1005      _       +.0747      —       4-.O470      —       +.0177      — 


29 


30 


22 


24 


27 


29 


29 


+  .1564 

1 

.1551 

.1536 

1 

.1522 
I 

.1508 


4-.I4O7  —      '      -I-.I2II  —  +.0981  —  4-.O72O  —  -f.0441  —       ;       +.0148  — 


13 


«5 


M 


M 


»7 


21 


1390 

I37I 
1352 


.1190 


>9 


19 


16 


1333 


19 


.1168 

a 

.1145 
a 

.1123 


22 


23 


29 


19 


23 


.C956 

4 

.0931 
.0905 
.0878 


25 


.0693 


27 


29 


25 


26 


27 


.0666 


27 


.0638 


28 


.0611 


27 


.0412 

a 
.0383 
2 

.0355 


29 


28 


.0118 
a 
.0089 


30 


29 


.0059 


30 


26 


28 


+  .1492     —   I  +.I3M     — 


I   H-.lloo 

J 


—       4-. 0852      —       +.0583      - 


0325 


30 


0029 


30 


29 


-+- .  0296     —      -+- .  0000 


29 


240* 


230* 


220"^ 


2ro' 


200 


190 


180* 


o 

10 

9 

8 

7 
6    . 

5 
4 

3 

2 

I 
o 


t 


40 
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Table  X. — Arg.  g+g'.  Table  XI. — Arg,  g—g.  Table  XII. — Arg.  u. 


Table  XIII  a. 


<5T  =  —  0^.0051  sin  (g  -H^'). 


.(JT  =  -+-  (y».oo75  sin  (^r  ^^•), 


1 

ST. 

i 

g-g' 

JT. 

0 

d. 

0 

i 

d. 

0 

0 

0.0000 

360 

0 

1 

0.0000 

360 

10 

-    09 

+ 

350 

10 

+ 

13  - 

350 

20 

17 

340 

20 

26 

340  1 

30 

25 

330 

30  ■' 

37 

330 

40 

33 

320 

40 

48 

320  ' 

50 

39 

310 

50 

57 

310 

60 

44 

300 

60 

65 

300 

70 

48 

290 

70 

70 

290 

80 

50 

280 

80 

74 

280 

90 

•51 

270 

90 

75 

270 

100 

50 

260 

100 

74 

260 

no 

48 

250 

no 

70 

250 

120 

44 

240 

120 

65 

240  ' 

130 

39 

230 

130 

57 

230 

140 

33 

220 

140 

48 

220 

150 

25 

210 

150 

37 

210 

160 

17 

200 

160 

26 

200 

170 

-     09 

+ 

190 

170 

1  + 

13  - 

190 

180 

0.0000 

180 

180 

0.0000 

180 

1 
1 

g^g' 

i 

g'rg'. 

(JT  =  4-  o»*.oi04  sin  2  u. 


u. 


o 
I 

2 

3 

4 

5 
6 

7 
8 

9 
10 

II  ^ 

12 

13 
14 

15 
16 

17 

18 

19 


(JT. 
d, 

O.OOCK) 

+  04 

07 
II 

14 

18 

22 
25 
29 
32 
36 

39 
42 
46 

49 
52 

55 

58 

61 

+  0.0064 


The  8uin  of  the  (piantitieH  from  Tables  VIII  to  XII,  inclusive,  being  applied  to  the  time  T  of  mean  conjunc- 
tion of  the  sun  and  miMni  in  longitude,  will  give  the  Gr<'enwich  fictitious  mean  time  of  true  conjunction  in 
longitude. 

To  re<luce  the  fictitious  time  thus  found  to  the  or<lJnar>'  calendar,  a  correcti<m  from  the  table  following  is  to 
be  applied.  The  correction  for  bissextile  years  presupposes  that  January  i  is  counted  as  the  zen)  day  of  the  year. 
In  order  that  it  may  corn^spond  to  the  civil  count  of  days,  it  must  1r*  increased  by  i. 


Day  of  the  Year  to  Day  of  the 
Month. 


Common    Bissext. 
Year.         Year. 


Jan. 


Feb. 


Mar. 


April 


May 


June 


July 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


0 

0 

—  I 

10 

10 

9 

20 

20 

19 

0 

31 

1 

30 

10 

4* 

40 

20 

51 

* 

50 

0 

59 

10 

69 

20 

79 

0 

90 

10 

100 

20 

no 

0 

120 

10 

130 

20 

140 

0  1 

151 

10 

161 

20 

171 

0 

181 

10 

191 

20 

201 

0 

212 

10 

222 

20 

232 

0 

243 

10 

253 

20 

263 

0 

273 

10 

283 

20 

293 

0 

304 

10 

314 

20 

I 

324 

0 

334 

10 

344 

20 

i 

354 

Table  XIII  6. — For  Eeducing  Fictitious  Julian  Dates  to  those  oftlie  Ordinary  Calendar. 


Calendar  and  Limiting  Dates. 


Bisst»xtile 
Years. 


Julian  calendar 

Gregorian  calendar,  1582  to  1700,  February 

Gregorian  calendar,  1700,  March,  to  1800,  F*»bniary 

(Gregorian  calendar,  1800,  March,  to  1900,  February 

Gn»goriau  calendar,  1900,  March,  t«  2i(X),  February 

Gregorian  calendar,  2100,  March,  to  2200,  February    -- 

Gregorian  calendar,  2200,  March,  to  2300,  February -f-  '5«oo 


d. 
-f     0.<X) 

10.00 
11.00 
12.00 
13.00 
14.00 


Year  i 
after  liis. 


+ 


d. 
0.25 

10.25 

11.25 

12.25 

1325 
14.25 

+  15-25 


Year  2 
after  Bis. 


Year  J 
after  Bis. 


d. 

d. 

+  0.50 

+  0.75 

10.50 

10.75 

11.50 

11.75 

12.50 

12.75 

13-50 

13.75 

14.50 

14.75 

-f  15-50 

+  15.75 

For  the  further  expr(>ssion  of  the  time  in  days  and  hours,  Tables  XIII  a  and  XIV  are  adde<l. 
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Table  XIV. — For  Changing  Decimals  of  a  Day  to  Time  and  Arc. 


1 
1 

T. 

I 

1 

1     . 

rime. 

I 

1   A 

1 

1 

1 

re. 

1 

i     For 

1 

T 
100 

i 

1    For 

1 

T 

lOOOO* 

T. 

1 
i 

1 

'    Time. 

1 

1 

i 

1 

1  h,     w.   J. 

1 

Arc. 

1 

Foi 
Time. 

T 
'   foo- 

Arc, . 

For 

1 

Tinoe.  ^ 

s. 

lOOOO 

1 

1  Time. 

1 

1  »i.  5. 

1   Arc. 

1  Time. 

5, 

1  Arc. 

{,_ArcL. 

</. 

h. 

m. 

s. 

1 

i  " 

t 

e     t 

1 
1   . 

d. 

0 

1 

0     » 

1 

1 

O.OI 

0 

14 

24 

3 

36 

,  0  8 . 64 

'   0   2.16 

1  0.09 

0.02 

0.51 

1  12  14  24 

'   183 

36 

7  20.64 

I  50.16 

4.41 

1. 10 

0.02 

0 

28 

48 

7 

12 

'  0  17.28 

0   4.32 

1  0.17 

0.04 

0.52 

12   28   48 

1 

187 

12 

7  29.28 

I  52.32 

4.49 

1. 12 

0.03 

0 

43 

12 

10 

48 

0  25.92 

'   0   6.48 

1  0.26 

'  0.06 

1 

0.53 

1   12   43   12 

190 

48 

7  37.92 

I  54.48 

4.58 

1. 14 

0.04 

0 

1 

57 

36 

M 

24 

'  0  34.56 

,  0  8.64 

0.35 

0.09 

0.54 

'  12  57  36 

194 

24 

7  46.56 

I  56.64 

1  4.67 

1. 17 

0.05 

1 

I 

12 

0 

18 

0 

0  43.20 

0  10.80 

1 

0.43 

0.11 

0.55 

13   12    0 

1   198 

0 

• 

7  55.20 

1  58.80 

]  4.75 

I- 19 

0.06 

I 

26 

24 

21 

36 

0  51.84 

1   0  12.96 

0.52 

1 

,  0.13 

0.56 

13   26   24 

201 

36 

8  3.84 

2   0.96 

4.84 

1. 21 

0.07 

I 

40 

48 

25 

12 

I  0.48 

0  15.12 

0.60 

0.15 

0.57 

13   40  48 

205 

12 

8  12.43 

2   3.12 

4.92 

1.23 

0.08 

I 

55 

12 

28 

48 

I  9.12 

0  17.28 

0.69 

0.17 

0.58 

13  55  12 

208 

48 

8  21.12 

2   5.28 

5.01 

1.25 

0.09 

« 

9 

36 

32 

24 

I  17.76 

0  19.44 

0.78 

0.19 

0.59 

14   9  36 

2T2 

24 

8  29.76 

2   7.44 

5.10 

1.27   1 

O.IO 

2 

24 

0 

36 

0 

I  26.40 

0  21.60 

0.86 

0.22 

0.60 

14  24   0 

216 

0 

8  38.40 

2   9.60 

5.18 

1.30 

O.II 

2 

38 

24 

39 

36 

I  35.04 

0  23.76 

0.95 

0.24 

0.61 

14  38  24 

219 

36 

8  47.04 

2  11.76 

5'27 

1.32  ■ 

0.12 

2 

52 

48 

43 

12 

I  43.68 

0  25.92 

1.04 

0.26 

0.62 

14  52  48 

223 

12  , 

8  55-63 

2  13.92 

.5.36 

1.34 

0.13 

3 

7 

T2 

46 

48 

I  52.32 

0  28.08 

1. 12 

0.28 

0.63 

15   7  12 

226 

48 

9  4.32 

2  16.08 

5.44 

1.36 

0.14 

3 

21 

36 

50 

24 

2   0.96 

0  30.24 

1. 21 

0.30 

0.64 

15  21  36 

230 

24 

9  12.96 

2  18.24 

5.53 

1.38 

0,15 

3 

36 

0 

5^ 

0 

2   9.60 

0  32.40 

1.30 

0.32 

0.65 

15  36   0 

234 

0 

9  21.60 

2  20.40 

5.62 

1.40 

0.16 

3 

50 

24 

57 

36 

2  18.24 

0  34.56 

1.38 

0.35 

0.66 

15  50  24 

237 

36 

9  30.24 

2  22.56 

5.70 

1.43 

0.17 

4 

4 

48 

61 

12 

2  26.88 

0  36.72 

1.47 

0.37 

0.67 

16   4  48 

241 

12 

9  38.88 

2  24.72 

5.79 

1.45 

0.18 

4 

19 

12 

64 

48 

2  35.52 

0  38.88 

1.56 

0.39 

o.6d 

16  19  12 

244 

48  , 

9  47.52 

2  26. 88 

5.88 

1.47 

0.19 

4 

33 

36 

68 

24 

2  44.16 

0  41.04 

1.64 

0.41 

0.69 

16  33  36 

248 

24 

9  56.16 

2  29.04 

5.96 

1.49 

0.20 

4 

48 

0 

72 

0 

2  52.80 

0  43.20 

1.73 

0.43 

0.70 

16  48   0 

252 

0   1 

[O  4.80 

2  31.20 

6. 05 

1. 51 

0.21 

5 

• 

2 

24 

75 

36 

3  1.44 

0  45.36 

1. 81 

0.45 

0.71 

17    2   24 

255 

36  '  1 

10  13.44 

• 

2  33.36 

6.13 

I. S3 

0.22 

5 

16 

48 

79 

12 

3  10.08 

0  47.52 

1.90 

0.48 

0.72 

17   16   48 

259 

12   ] 

10  22.08 

2  35.52 

6.22 

1.56 

0.23 

5 

3f 

12 

82 

48 

3  18.72 

0  49.68 

1.99 

0*50 

0.73 

17   31   12 

262 

48  ,  1 

to  30.72 

2  37.68 

6.31 

1.58 

0.24 

5 

45 

36 

86 

24 

3  27.36 

0  51.84 

2.07 

0.52 

0.74 

17  45  36 

266 

24   1 

[o  39.36 

2  39.84 

6.39 

1.60 

0.25 

6 

0 

0 

90 

0 

3  36.00 

0  54.00 

2.16 

0.54 

0.75 

18   0   0 

270 

0  1  1 

10  48.00 

2  42.00 

6.48 

1.62 

0.26 

6 

14 

24 

93 

36 

3  44.64 

0  56.16 

2.25 

0.56 

0.76 

18  14  24 

273 

36   I 

[o  56.64 

2  44.16 

6.57 

1.64 

0.27 

6 

28 

48 

97 

12 

3  53.28 

0  58.32  1 

2.33 

0.58 

0.77 

18  28  48 

277 

12   ] 

tl  5.28 

2  46.32 

6.65 

1.66 

0.28 

6 

43 

12 

100 

48 

4  1.92 

I  0.48  1 

2.42 

0.60 

0.78 

18  43  12 

280 

48   1 

tl  13-92 

2  48.48 

6.74 

1.68 

0.29 

6 

57 

36 

104 

«4 

4  10.56 

I  2.64  1 

2.51 

0.63 

0.79 

18  57  36 

284 

24   I 

[I  22.56 

2  50.64 

6.83 

1.71 

0.30 

7 

12 

0 

108 

0 

4  19.20 

I  4.80  > 

2.59 

0.65 

0.80 

19  12   0 

288 

0   I 

1  31.20 

2  52.80 

6.91 

1.73 

0.31 

7 

26 

24 

III 

36 

4  27.84 

I  6.96  1 

2.68 

0.67 

0.81 

19  26  24 

291 

36   1 

II  39.84 

2  54.96 

7.00 

1.75 

0.32 

7 

40 

48 

"5 

12 

4  36.48 

I  9.12  ^ 

2.76 

0.69 

0.82 

19  40  48 

295 

12   1 

[1  48.48 

2  57.12 

7.08 

1.77 

0.33 

7 

55 

12 

118 

48 

4  45.12 

I  11.28 

2.85 

0.71 

0.83 

19  55  12 

298 

48   ] 

[I  57.12 

2  59.28 

7.17 

1.79 

0.34 

8 

9 

36 

122 

24 

4  53.76 

I  13.44  1 

2.94 

0.73 

0.84 

20   9  36 

302 

24   ] 

12   5.76 

3  1.44 

7.26 

1.81 

0.35 

8 

24 

0 

126 

0 

5  2.40 

I  15.60  , 

3.02 

0.76 

0.85 

20  24   0 

306 

0   ] 

[2  14.40 

3  3.60 

7.34 

1.84 

0.36 

8 

38 

24 

129 

36 

5  ".04 

I  17.76  1 

3. II 

0.78 

0.86 

20  38  24 

309 

36   1 

[2  23.04 

3  5.76 

7.43 

1.86 

0.37 

8 

52 

48 

133 

12 

5  19.68 

I  19.92  ' 

3.20 

0.80 

0.87 

20  52  48 

313 

12   1 

2  31.68 

3  7.92 

7.52 

1.88 

0.38 

9 

7 

12 

136 

48 

5  28. 32 

I  22.08  ' 

3.28 

0.82 

0.88 

21   7  12 

316 

48   1 

2  40.32 

3  10.08 

7.60 

1.90 

0.39 

9 

21 

36 

140 

34 

5  36.96 

I  24.24 

3.37 

0.84 

0.89 

21  21  36 

320 

24   1 

[2  48.96 

3  12.24 

7.69 

1.92 

0.40 

9 

36 

0 

144 

^ 

5  45.60 

I  26.40 

3.46 

0.86 

0.90 

21  36   0 

324 

0   1 

r2  57.60 

3  14.40 

7.78 

1.94 

0.41 

9 

50 

24 

147 

36 

5  54.24 

I  28.56 

3.54 

0.89 

0.91 

21  50  24 

327 

36   1 

[3   6.24 

3  16.56 

7.86 

1.97 

0.42 

10 

4 

48 

»5i 

12 

6  2.88 

I  30.72 

3.63 

0.91 

0.92 

22   4  48 

331 

12  ,  1 

[3  14.88 

3  18.72 

7.95 

1.99 

0.43 

10 

19 

12 

154 

48 

6  11.52 

I  32.88 

3.72 

0.93 

0.93 

22  19  12 

334 

48   1 

[3  23.52 

3  20.88 

8.04 

2.01 

0.44 

10 

33 

36 

158 

24 

6  20.16 

I  35.04 

3.80 

0.95 

0.94 

22  33  36 

338 

24   ] 

13  32.16 

3  23.04 

8.12 

2.03 

0.45 

ID 

48 

0 

162 

0 

6  28.80 

I  37.20 

3.89 

0.97 

0.95 

22  48  .  0 

342 

0   1 

3  40.80 

3  25.20 

8.21 

2.05 

0.46 

II 

2 

24 

165 

36 

6  37.44 

I  39.36 

3.97 

0.99 

0.96 

23   2  24 

345 

36  ;> 

13  49.44 

3  27.36 

8.29 

2.07 

0.47 

II 

16 

48 

'  169 

12 

6  46.08 

I  41.52 

4.06 

1.02 

0.97 

23  i6  48 

349 

12  1 

13  58.08 

3  29.52 

8.38 

2.10 

0.48 

II 

31 

12 

i  172 

48 

6  54.72 

I  43.68 

4.15 

1.04 

0.98 

23  31  12 

352 

48  1  1 

[4  6.72 

3  31.68 

8.47 

1 

2.12 

0.49 

II 

45 

36 

176 

24 

7  3.36 

I  45.84 

4^23 

i.o6_. 

a.99. 

23  4S  -36 

356 

24  \  \ 

14  15.36 

3  33.84 

8.55 

2.14 

0.50 

13 

0 

0 

j  180 

0 

7  12.00 

I  48.00 

4.32 

1.08 

1. 00 

24   0   0 

360 

0  ;  1 

[4  24.00 

(^  %  '^SS^ 

\  ^*^ 

\.  •k.v^ 

4^ 
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Table  XV,  Arg.  g. — Values*  0/  u^  —  u^. 


«i  —  «b  =  —  O* 

•.403  sin  ^  -f  0 

°.oi6  sin  2g, 

g 

o- 

10^ 

20** 

30^ 

40^ 

50° 

60" 

70° 

So'' 

e 

0 

0 

0 

0 

0 

0 

0 

0 

"0 

0 

0 

—  .C004- 

*-.o64+ 

-.128  + 

-:i884- 

-.243+ 

-.293  + 

-.335-+- 

-.3684- 

--391  + 

10 

I 

.006 

.071 

.134 

.193 

•249 

.297 

.339 

.371 

.393 

9 

a 

.013 

.077 

.140 

.199 

.254 

.302 

.343 

.374 

.395         1 

8 

3 

.019 

.084 

.146 

.205 

.259 

.306 

.346 

.376 

.396 

7 

4 

—  .026+ 

—  .0904- 

—  .152-+- 

—  .211  + 

-.264-f 

—  .3"  + 

-.349+ 

-.379+ 

-.397+ 

6 

5 

—  .032+ 

—  .096+ 

-.158  + 

—  .216  + 

—  .2694- 

-.3i5  + 

-.353+ 

-.381  + 

-.399-f- 

5 

6 

.039 

.103 

.164 

.222 

.274 

.3»9 

.356 

.383 

•  400 

4 

7 

.045 

.109 

.170 

.227 

.279 

.323 

.359 

.386 

.401 

3 

i         8 

.052 

.115 

.176 

.233 

.283 

.327 

.362 

.388 

.40a 

2 

9 

.058 

.121 

•  182 

.238 

.288 

.331 

.365 

.390 

.4<^ 

I 

10 

1 

—  .064-+- 

—  .128-+- 

—  .1884- 

-.243  + 

-.293  + 

-.335  + 

-.368+ 
290" 

-.391  + 

--403  + 

0 

1 

350' 

340** 

330° 

320** 

310** 

300" 

280° 

270* 

i 

,     ^     ■ 

90° 

• 

100° 

110° 

120" 

130" 

140** 

ISC'* 

160- 

170*» 

1 

1 

1 

1 

1 
1 

0 

e 

0 

3 

0 

e 

0 

0 

0 

0 

0 
1 

0 

-.403  + 

—  .4024- 

-.389  + 

-.363  + 

-.324  + 

-.2754- 

—  .2154- 

-.1484- 

-.075  + 

1 

10 

I 

.403 

.402 

.387 

.360 

.320 

.269 

.209 

.141 

.068 

1    9 

i    ' 

.404 

.401 

.385 

.356 

.316 

.264 

.202 

.134 

.060 

1 

8 

3 

.404 

.400 

.383 

.352 

.311 

.258 

.196 

.127 

.053 

7 

'    4 

1 

—  .404  + 

-.399  + 

—  .3804- 

-.3484- 

—  .3064- 

—  .2524- 

-.1894- 

—  .1204- 

-.045  + 

6 

I 

5 

■         -.404  + 

-.397  + 

-.377-+- 

—  .344  + 

— . 301 + 

—  .2464- 

—  .1824- 

—  .1124- 

—  .0384- 

5 

6 

.404 

.39^ 

.375 

.340 

.296 

.240 

.176 

.105 

.030 

4 

7 

.404 

.394 

.372 

.336 

.291 

.234 

.169. 

.097 

.023 

3 

8 

.403 

.393 

.369 

.332 

.286 

.228 

.162 

.090 

.015 

2 

9 

.403 

.391 

.366 

.328 

.281 

.222 

.155 

.083 

.008 

I 

10 

—  .4024- 

-.389-H 

-.363  + 

-.324  + 

-.275  + 

—  .2154- 

--.1484- 

-.075  + 

—  .0004- 

0 

1 

260' 

250' 

240° 

230" 

220** 

210* 

200* 

190' 

i8o' 

g 
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Table  XYI.—Arg.  /. 


f^i  —  Mo  =  4-  2''.094  sin  ^'  H-  o**.027  sin  2^'. 


^ 


o 

o 
I 

2 

3 
4 

5 
6 

7 
8 

9 
lo 


o.ooo 


38 
+0.038     — 


0.075 


37 


37 


0.112 

38 
+  0.150    — 

37 


+0.187    — 


0.224 
0.262 


37 

1 
38 


0.299 


37 


37 
0.336 

37 
+0.373    - 


10' 


350' 


+0.373     - 


20" 


30' 


40^ 


50* 


6o' 


+0.734    —  i  +1.070    —  i  +1.373     —      +1.631     — 


0.410 


37 


0.446 


36 


0.769 


35 


32 


28 


1. 102 


0.803 


34 


0.483 


37 


36 


0.838 


35 


1. 134 
1. 165" 


33 


1. 401 
1.42S 


27 


3X 


1.455 


37 


34 


3» 


+  0.519      —    I    +0.872      —   I    +1.196      —       +1.482 


37 


3<S 


+0.555      - 


34 


30 


36 


0.591 
0.627 


36 
36 


+0.906      —       +1.226      —    I    +1.508      — 


0.939 


33 


1.256 


30 


1-533 


35 


0.663 


36 


0.698 


35 


36 


0.972 

1.005* 

1.038' 


33 


33 


33 


1.286' 
s 

1.315 
s 

1-344 


30 


39 


39 


1.558 
1 .  583' 

a 

1.607 


35 


35 


34 


33 


39 


34 


+0.734      —       +1.070      —       +1.373      —    '    +I.63I      — 


340' 


330' 


320' 


310' 


1.654 

1.676 


33 


+  1.837         - 


23 


1.698 


33 


1.854 

] 

I. 871 

1.888' 


«7 


17 


33 


+  1.720        —     I     +1.903 


«5 


3Z 


X5 


+  I.74I      - 


1.761 

s 

1. 781 


30 


+  I.918      — 


30 


1.800 
1 
1. 819 


»9 


1.933 
1 

1.947 
1 

1.960 


»5 


X4 


X3 


«9 
z8 


1.973 


X3 


13 


+  1.837        - 


300' 


+  1.985        - 


290' 


70' 


+  1.985        - 


13 


1.997 
] 

2.007 
] 

2.018 


10 


ZI 


+  2.027         — 


+  2.036        — 


8 


8 


2.044 
2.052 
2.059 
2.066 


+  2.072      — 


280' 


8o' 


+2.072     — 

5 
2.077 

4 
2.o8[ 

4 
2.085 

3 
+  2.088      — 


+  2.091      — 

3 
2.093 

s 
2.094 

o 

2.094 

I 

2.095 

z 

+2.094    — 


270 


10 

9 

8 

7 
6 


5 
4 

3 

2 

I 
o 


g' 


g' 


o 
I 

2 

3 
4 

5 
6 

7 
8 

9 
10 


90' 


100 


+  2.094     - 

2.0  3 

3 
2.091 

3 
2.088 

3 
+  2.085      — 

4 


+  2.08X      — 


+2.053      — 


2.077 


.2.045 
2.037 
2.028 


8 
8 


no* 


120^ 


130 


+2.019    — 


xo 


+2.009    — 


xo 


1.999 


Z3 


1.937 
1 

1.923 

] 

1.908 


«3 


1.554 


34 


1.529 


35 


+  1.950      —    I    +1.790      —       +1.578      — 

Z9 

I         I. 771 

30 

I         I. 751 

30 

1. 731 

I  30 

j    +I.7II      — 


«4 


X5 


35 


15 


+  1.893      — 


z6 


+  1.877      —   i    +1.690      — 


1.504 
35 
+  f.479     - 


1. 861 
1.844 


16 


35 


+  1.454     - 


'7 


1.668 
1.646 


33 


36 


33 


1.624 


2.072  1.987 

6  IZ              j                               17                                            23 

2.066  1.976                                1.827 

•            6  Z3 

2.060  1.963                     1.809 

7  X3                             >9         i                    33 

+  2.053      —  +1.950      —       +1.790     —       +1.578      — 


z8 


1. 601 


33 


260" 


1.428 

37 
1. 401 

37 
1.374 

37 

1.347 

38 

+  1.319* 


250' 


240 


230' 


220 


140 


+  I.3I9      - 


38 


1. 291 

X.263 
a 

1.234 


38 


39 


39 
+  1.205      — 

39 


+  I.I76      - 


1. 146 


30 


1. 116 


30 


1.086 


30 


3« 


1.055 
3> 
+  1.024      — 


210 


150 


+  1.024      — 


0.992 


33 


0.960 


33 


0.929 


3« 


33 


+0.897      — 


33 


+0.864      — 


0.832 

3 

0.799 


33 


33 


0.766 


33 


34 


0.732 


33 


i6o' 


+0.699    — 


0.665* 
0.631" 

0.597" 


34 


34 


34 


34 


+0.563     — 


35 


+0.528     - 


0.494 


34 


0.459 


35 


0.424 


35 


34 


0.390 


36 


+0.699     —      +0.354     — 


200 


190 


170 


+0.354     - 


0.319 


35 


0.284' 


35 


0.249 


35 


+0.213 


36 


35 


+0.178     — 


0.142 

0.107' 

0.071* 


36 


35 


36 


35 


+    0.036      — 


36 


0.000 


180' 


o 
10 

9 

8 

7 
6 


5 

4 

3 
2 

I 

o 


The  sum  of  the  three  nambere  from  Tables  XV-XVII  is  the  reduction  from  the  mean  argument  of  latitude  at  mean  C4>i\j  unction  to  tnie 
si^gnmeDt  at  true  ecliptio  conjunction,  measured  on  the  ecliptic. 


TABLES  OF  SOLAR  ECLIPSES, 


i. 


Table  XVII  —Arg.  {g  +  g'). 


- 

- 

— .  -   -  - 

. _  -      — 

—  —  — .  _  .  — 

—  -   — 

" 

f/i  —  Mt,  2S  —  o*.ol2  sin  (g  +  ^'). 

1 

ir  +  5-'   ' 

1 

o 
O 

0.000 

0 
360 

1 

0 
90 

0 

^  .012  + 

• 
i^o 

1 

lO 

—  .002  + 

350 

100 

.012 

260 

1 

20 

.004 

340 

no 

i 

.oil 

«50 

1 

1 

30 

.006 

330 

120     1 

.bib 

240 

40 

.008 

320 

130    , 

.oog 

230 

50 

.009 

3'0 

140 

i 

.008 

220 

1 

60 

.010 

300 

'50 

.006 

210 

1 

70 

.Ott 

290 

160 

.004 

200 

So 

.012 

280 

170 

—  .002  + 

190 

90 

—  .012  -h 

270 

180 

0.000 

180 

'  ■ 

.-   -      ,m                                                            

^  +  ir' 

1 

.jr  +  ^' 

1 

For  Valties  of  y,  at  tke  MoMefd  of  Ecliptic  Conjunction  (y,"), 


TableXVUI— ^rr/.  */. 


^2**=  —  .0006  sin  ^  -+-  .0091  sin  2^  (near  Asoettding  node). 
/4*  =  -h  .0006  sin  g  —  .0091  sin  2g  (tieiir  descending  node). 


^ 


o 

o 
10 
20 

30 
40 
50 

60 
70 
80 
90 


.000 

+  .003 
.006 

-+-  .008 
.009 
.008 

-H    .007 

.005 

+    .002 

—    .001 


^ 

0 

0 

e 

360 

90 

--  .box  H- 

270 

350 

100 

.004 

260 

340 

110 

.006 

250 

330 

120 

—  .008  -H 

240 

320 

130 

.010 

230 

! 

310 

140 

*oo9 

220 

1 

300 

150 

-  .008  -h 

210 

I 

290 

160 

.006 

200 

1 

2SO 

170 

—  .003  + 

190 

'  1 

1 

1 

270 

g 

180 

.000 

180 

I 

,^ 

Table  Xf  X.-=^r<7.  g^. 


y^"  =  4-  .0163  sin  ^'  (near  dscendtng  node); 
j'fl'*  ^  —  .0163  Sin/'  (near  dfescendirig  Hodk;). 


S 


s 


0 

0 

• 

0 

0 

180 

0 

.000 

180 

360 

170 

10 

+  .Ob3  — 

190 

350 

160 

20 

.006 

200 

1 

340   i 

150 

30 

4-  .008  — 

210 

1 

330 

140 

40 

.oil 

220 

320 

1 

130 

50 

.012 

230   1 

310   ' 

120 

60 

-h  .014  — 

240 

300 

no 

70 

.015 

250 

290 

100 

80 

.016 

260 

280 

90 

90 

+  .016  — 

270 

■% — 

270 

In  Tables  XVIII  and  XIX,  the  uuml)erH  have  the  sign  givt-n  with  thoin  ut^ar  thc^  aHcemling  node,  and  the  opposite  sign  near  tlio  de.^cending     , 
node. 

Tlie  algebraie  snui  of  the  iniml>erH  taken  from  the  throe  tables,  XVIII  to  XX,  is  the  value  of  y:,  the  onlinate  of  the  point  in  which  the  axis 
of  the  shadow  intersects  the  fundamental  plane,  at  the  moment  of  true  ecliptic  conjunction.     This  ordinate  is  reckoned  in  a  directiou  perpeii-     , 
dicnlar  to  the  ecliptic. 

In  Table  XX,  the  algebraic  sign  of  the  niimlM»rs  is  the  same  as  that  of  sin  Mi.     Near  the  descending  node  H\  ditfers  little  from  i8o"* ;   lieuce    1 
near  tlie  ascending  nmle  the  number  from  Table  XX  has  the  same  sign  as  Mi  ;  near  the  descending  no<le  the  opposite  sign  of  tti  — i8o*. 
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Table  XX.— Hot.  Arg.j  fff  Vertical  Arg.,  u,. 


>^°  =  +  (5.245  —  0.330  cos  J')  sin  «i. 


o 

o 
I 
2 

3 
4 

5 

6 

7 
8 

9 
10 

II 

12 

13 

M 

15 
16 

17 

18 


0.086 

0.172 

0.257 

0.343 
0.428 

0.513 

d.684 
0.769 
01.853 
0.938 

1.622 
1. 10^ 
1. 189 
1.272 

t.3« 
1.437 
1.519 


86 
86 

is 

85 
«5 

U 

83 


10^ 
350' 


H 

83 

83 
83 


O.o(jd 
0;(:i86 
b,i7i 

6.257 
o.34i 
0.429 

0.514 
0.600 
0.68$ 
0,770 
0.854 

1 .625 
I/167 

I. 10 

1.273 
1.356 
1.438 
1.520 


§6 

86 
85 

86    I 

*3 
8« 

83 


20^ 

340* 


30- 
330' 


320* 


0.000 
6;e«6 

6.i7i 
6.258 
6.i44 

0.430 

0.516 
o.6ot 
0.617 
0.772 
0.S57 
0.942 

1 .026 

• 

i.Il6 

1.277 
1.360 

I«443f 
1.525 


§6 
«/ 

8s 
86 

86 

85 
86 

«5 
t5 
«S 
8f4 

8# 

#3 
8j 
83 


I 


0.000 

o.oi6 
0.174 
o.i6o 
0.346 

0.518 
0.604 
0.690 
0.776 
0.861 
0.946 

i.osi 

I .  ii4 

1.367 
^.450 
1.5^3 


86 
8if 
«6 
86 
8^ 
89 

86 
86 
86 

«S 
6s 

^4 

if4 
if 


^l 

^(276' 

100* 

260' 

• 

0 

0 

0.000 

0.000 

! 

1 

9» 

93    1 

I 

0.092 

0.092 

9« 

93 

2 

0.183 

0.185 

9» 

93 

3 

0.275 

0.277 

..      9X 

93 

4 

0.366 

0.370 

' 

9X 

93 

5 

0.457 

0.462 

1 

9« 

93 

6 

0.548 

0.554 

9« 

93 

7 

0.639 

0.646 

1 

9« 

93 

8 

0.730 

0.738 

9» 

- 

9»     , 

9 

0.821 

0.829 

90 

9a      : 

10 

O.9II 

0.921 

1 

90 

91      1 

II 

I^QQI 

1. 012 

89 

90 

12 

1.090 

1. 102 

^ 

9« 

.     13 

I.1B9 

1. 193 

1 
1 

.        ^ 

1 

,90 

14 

1.269 

1.283 

-     ^ 

« 

.«? 

15 

1.358 

1.372 

•- ; 

88 

• 

^ 

16 

'.4f6    ^ 

h^f 

89 

17 

1.534 

1.681 

^:559 

88 

18 

1.638 

— 1 

1 10* 
250* 

0.093 
0.187 
0.280 

0.374 
0.467 

0.560 
0.653 
0.746 
0.838 
0.930 
1.022 

1.114 

1.296 

1.387 

1.477 
1.566 

1.655 


"f 


120 
240' 


94 
93 
94 
93 
93 

93 

93 
93 
93 
93 
92 

9» 


?.' 


90 
89 
89 


0.000 
0.^4 
O.lSq 
0.283 

0.377 
0.472 

0.565 
0.659 

0.753 
0.846 

0.940 

1.032 

1.125 
1. 217 
1.309 

• 

f  .400 
^.491 

l./^73 


94 
1^ 
94 
94 
95 
93 

94 
94 
93 
94 
92 

93 


9a 
91 

99 


0.000 
0.087 

0.171 
o<i6l 

0.348 
0.435 

0.522 
0.609 
0.695 
0.781 
0.867 

0.953 
1.03^ 

I.I2J 
1.208 

i.a?92f 

1.3I76 
1.460 

1.543 


87 

88 

87 
87 

87 

86 
86 
86 
86 

85 
t^4 

84 

8? 


i5o- 

230° 

0.000 
0.095 
O.  191 
0.286 
0.381 
0.476 

0.570 
0.665 

o."6o 
0.854 
0.948 
1.041 

1.135 
1.228 

1.320 

1.412 

^504 
1.596 

1.686 


95 
96 
95 
95 
95 
94 

95 
95 
94 
94 
93 
94 

93 
92 

93 

93 

9? 

9^    I 


50' 


60' 
300" 


0.000 
0,088 
0.176 
0.263 

0.^51 

0.613 
0.700 

0.787 
0.874 
0.960 

1.046 
1.132 
1. 217 

i.3<« 
1.387 
1. 471 

1.555 


88 
88 
87 

i 

88 

88 
8/ 

8V 
87 
87 
87 

86    ' 
86    ' 

86 

«5  ; 

85  : 


o.ooO 
0.089 
0.178 
0.266 

0.354 
0.443 

0.531 

<y.6i9 
0.707 

0.795 
0.882 

0.969 

1.056 

1. 143 
1.229 

1.315 
1.400 

1.485 
1.570 


70* 
290' 


8o* 
280* 


90^ 
270' 


89  [ 

89   , 

I 

88 
88 

89 
88 

88 

88 

87 
87 
87 

87 
86 

86 

.«5 
»5 

85 


0.000 
O/O90 
0.180 
0.269 
0.358 

0.447 

0.536 
0.625 

0.714 

<y.8o3 
0.891 

0.979 

1.067 

1. 155 
1.242 

1.328 

1.415 
1. 501 
1.586 


90 
90 

89 
89 
89 

89 

I 

89 

89 

I, 

89 

88 

88    - 
88 

88 

87 

86  ' 

87  I 
86 

«5    ! 


0.000 
0.091 
0.181 
0.273 
0.362 
0.452 

0.542 
0.632 
0.722 

0.812 

• 

0.901 
0.990^ 


1.079 
1. 167 

1.255 
1.343 
1.430 

1.517 
1.603 


9' 

I 
I 

90 

I 
I 

9«  ; 

90  I 
90 

90  I 

90 

90 

89 

89 

«9' 

88 
88 

88 

I 

I 
87 

86 


0.000 
0.092 
0.183 
0.275 
0.366 

0'457 

0.548 
0.639 

0.730 
0.821 
0.911 
1. 001 

1.090 
1. 180 
1.269 

1.358 
1.446 

1.534 
1. 621 


93  . 

,.  I 

93 

9«  I 

91  \ 

I 

91  r 


9> 


I 


9« 
9« 
90 

90    I 
•9    » 

90    i 

89 
88 

88 
87 


140' 
220' 

0.000 
0.096 
0.192 
0.287 
0.383 
0.479 

0.574 
0.670 

0.765 
0.860 

0.954 
1.049 

1.143 
1.237 
1.330 
1.423 

1.515 

1.607 


96 
96 
95 
96 
96 

95    I 

96 
95 
95 
94 
95 
94 

94 
93 
93 
93 

93 

93 


0.000 
0.096 
0.193 
0.289 
0.386 
0.482 

0.578 
0.674 
0.770 
0.865 
0.960 
1.055 

1. 150 
1.244 

1.338 

1.431 

1.523 
1. 617 

1.709 


96 
97 
96 

t 

97  i 
^  I 

96     ! 

96 
96 

95 
95 
95 
95    I 

I 
94     I 

94  ; 

93 
93 

94 
93 


0.000 

0.097 
0.194 
0.291 
0.388 
0.484 

0.581 
0.677 

0.773 
0.869 

0.965 

1 .060 

1.155 
1.250 

1.344 
1.438 
1.531 
1.624 

1.717 


97 
97 
97 
97 
96 
97 

96 

96 
96 
96 
95 
95" 

95 
94 
94 
93 
93 
93 


0.000 
0.097 

0.195 
0.291 
0.389 
0.485 

0.582 
0.679 

0.775 
0.871 
0.967 
1.063 

1.158 

1.253 
1.348 

1.442 

1.535 
1.628 
1. 721 


97 
98 
96 
98 

96 
97 

97 
96 
96 

96 
96 
95 

95 
95 
94 
93 
93 
93 


0.000 
0.097 
0.195 
0.292 
0.389 
0.486 

0.583 
0.679 

0.776 

0.872 

0.968 

1.064 

1.159 
1.254 
1.349 
1.443 

1.537 
1.630 

1.723 


97 
98 
97 
97 
97 
97 

96 

97 
96 

96 

96 

95 

95 
95 
94 
94 
93 
93 
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Table  XXI. — For  Howrly  Motion  of  Axis  of  Shadow. 


g 


o 
I 

2 

3 
4 


X  3  =  +  0,5410  +  0.0397  COS  g. 


10* 


20^^ 


.5807 
.5807 
.5807 
.5806 
.5806 


5 

.5805 

6 

.5805 

7 

.5804 

8 

.5803 

9 

.5802 

10 

.5801 

.5801 
.5800 

.5798 
.5797 
.5795 

.5793 

.5792 

.5790 
.5788 

.5785 
.5783 


.S783 
.5781 
.5778 
.5775 
.5773 

.5770 
.5767 
.5764 

.5761 
.5757 

•5754 


350' 


340 


330^ 


30' 


40^ 


.5754 
.5750 

.5747 
.5743 
.5739 

•5735 
.5731 
.5727 
.5723 
.5719 
.5714 


.5714 
.5710 

.5705 
.5700 
.5696 

.5691 
.5686 
.5681 
.5676 
.5670 
.5665 


50' 


.5665 
.5660 

.5654 
.5649 
.5643 

.5638 
.5632 
.5626 
.5620 
.5614 
.5608 


60* 


.5608 
.5602 

.5596 
.5590 

.5584 

.5578 
.5571 
.5565 
.5559 
.5552 
.5546 


70^ 


320" 


310' 


300' 


290 


.5546 

.5539 
.5533 
.5526 

.5519 

.5513 
.5506* 

.5499 
.5492 
.5486 

.5479 


280' 


8o* 


.5479 
.547a 
.5465 
.5458 

.545a 

.5445 
.5438 

.5431 
.5424 

.5417 
.5410 


270' 


10 

9 

8 

7 
6 

5 

4 

3 

2 

I 

> 

o 


g 


s 

90- 

e 

0 

.5410 

1 

.  5403 

2 

.5396 

3 

.5389 

4 

.5382 

1 

1 

5 

.5375 

6 

.5368 

7 

.5362 

8 

.5355 

9 

.5348 

10 

j 

•5341 

260' 

100 


1 10^ 


120 


.5341 
.5334 
.5328 

.5321 
.5314 

.5307 
.5301 

• 

.5294 
.5287 
.5281 

.5274 


.5274 
.5268 
.5261 

.5255 
.5249 

.5242 
.5236 
.5230 
.5224 
.5218 
.5212 


.5212 

.5206 
.5200 

.5194 
.5188 

.5182 

.5177 
.5171 
.5166 
.5160 

.5155 


250' 


240 


230^ 


130 


.5155 
.5150 
.5'44 
.5139 
.5134 

.5129 
.5124 
.5H9 
.5114 
.5"0 
.5106 


220 


140 


.5106 

.5101 

.5097 

.5093 
.5089 

.5085 
.5081 

•5077 

.5073 
.5070 

.5066 


210 


150^ 


.5066 
.5063 

.5059 
.5056 

.5053 

.5050 

■5047 
.5045 

.50J2 

•  5039 
.5037 


200 


160* 


.5037 
.5035 
.5032 
•  5030 

.5028 

.5027 
.5025 
.5023 

.5022 
.5020 

.5019 


190 


170* 


.5019 

.5018 

.50x7 

.5016 

.5015 

.50x5 
.50x4 
.5014 

.50x3 
.5013 
.5013 


180' 


0 

10 

9 

8 

7 
6 

5 
4 

3 

2 

X 

o 
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Table  XXII. — For  Hourly  Motion  of  Axis  of  Shadow. 


x'i  =  —  o**.ooio  COS  ^'  4-  0^.0006  cos  (^  H-  ^')  —  0^.0004  cos  (^  —  ^'). 


^ 


o' 

lO* 

20° 
30^ 
40" 
50' 
6o» 

70'' 
80'* 

90* 
100* 
no* 

120** 
130° 
140** 

160** 
170* 
i8o' 
190* 
200'' 
210° 
220** 
230' 
240** 
250* 
260" 
270° 
280" 
290° 
300** 
310** 
320° 

330^ 
340'' 
350' 
360' 


I 


-  8 

-  8 

-  7 

-  7 

-  6 

-  5 

-  4 

-  3 

-  I 

o 

+  I 

3 

4 

5 
6 

7 

7 
8 

8 

8 

7 
7 
6 

5 
4 
3 
+  I 
o 

-  I 

-  3 
~  4 

-  5 

-  6 

-  7 

-  7 

-  8 

-  8 


10^ 


20^^ 


30" 


40" 


-  8 

-  8 

-  8 

-  8 

-  7 

-  6 

-  5 

-  4 

-  3 

-  2 


+ 


360* 


o 
I 

3 

4  I 

5 
6 

7 

8 

8 
8 
8 
8 

7 
6 

5 
4 
3 
+  2 
o 

-  I 

-  3 

-  4 

-  5 

-  6 

-  7 

-  8 

-  8 


-  8 

-  8 

-  9 

-  9 

-  8 

-  8 

-  7 

-  6 

-  5 

-  3 

-  2 

o 

+  I 

3 

4 

5 
6 

7 
8 
8 

9 

9 

8 

8 

7 
6 

5 

3 

+  2 

o 

-  I 

-  3 

-  4 

-  5 

-  6 

-  7 

-  8 


-  8 

-  9 

-  9 

-  10 

-  9 

-  9 

-  8 

-  7 

-  6 

-  5 

-  3 

-  2 
o 

3 

5 
6 

7 
8 

9 

9 
10 

9 

9 

8 

7 
6  i 

5  I 

+  2  • 

o  I 

-  2 

-  3 

-  5 

-  6 

-  7 

-  8 


.  I 


-  8 

-  9 

-  10 

-  II 

-  II 

-  10 

-  10 

-  9 

-  8 

-  7 

—  3 

-  3 

-  I 

+  I 
2 

4 
6 

7 

8 

9 
10 

II 

II 

10 

10 

9 
8 

6 

5 

.3 
+  I 

-  I 

-  2 

-  4 

-  6 

-  7 

-  8 


50^ 


350**  i  340*^ 


330°  I  320*= 


-  9 

—  10 

—  II 

—  II 

—  12 

—  II 

—  II 

—  10 

-  9 

-  8 

-  6 

-  4 

—  2 

o 
+  2 

4 
6 

7 

9 
10 

II 

II 

12 

II 

II 

10 

9 

8 

6 

4 

+  2 

o 

—  2 

-  4 

-  6 

-  7 

-  9 


60*  I  70' 


—  9 

—  10 

—  II 

—  12 

—  12 

—  12 

—  12 

—  II 

—  10 

—  9 

—  7 

—  5 

—  3 

—  I 

+  I 
3 
5 

7 

9 
10 

II 

12 

12 

12 

12 

II 

10 

9 
7 
5 
3 
+  I 

—  I 

—  3 

—  5 

—  7 

—  9 


80°  I  90 


°  '  100" 


-  9 

-  II 

-  12 

-13 

-13 

-13 
-13 

-  12 

-  II 

-  9 

-  8 

-  6 

-  3 

-  I 

+  I 

3 
6 

8 

9 
II 

12 

13 

13 

13 

13 
12 

II 

9 

8 

6 

3 
+  I 

-  I 

-  3 

-  6 

-  8 

-  9 


310' 


300' 


290 


-10  I 

-  II 

-12! 

-13  I 

-13' 

-13  ' 

I 

-  II  i 

-10  ! 

-  8 

-  6 

-  4 

-  I 

+  I 

4 
6 

8 

10 

II 

12 

13 

14 

14 

13 

13 
II 

8, 

6  ! 

4I 

+   I  I 

—   I 

I 

-  3 

-  6 

-  8 

-  10 


—  10 

—  II 

-13 

-»3 
-14 

-14 
-14 

-13 

—  II 

—  10 

—  8 

—  6 

—  4 

—  I 

+  I  I 
4 
6  ' 

8 

10  ! 
II 

'3i 

13 

14  I 

M 

13 

13 

II 

10 
8 
6 

4 
+  I 

—  I 

—  4 

—  6 

—  8 

—  10 


—  10 

—  12 

-13 
-14 

-F4 

-M 
-14 

-13 

—  II 

—  10 

—  8 

—  6 

—  3 

—  I 

+  2 

4 
6 

8 

10 

12 

13 

14 

'4 

M 

14 

13 
II 

10 

8 
6 

3 
4-  I 

—  2 

—  4 

—  6 

—  8 

—  10 


280' 


no'   120  ,  130 


-  II 

-  12 

-13 
-14 

-14 

-14 

-14 

-13 

-  II 

-  9 

-  7 

-  5 

-  3 
o 

+  2 

5 

7 

9 
II 

12 

13 

14 

14 

14 

14 

13 
II 

9 
7 
5 
+  3 
o 

• 

-  3 

-  5 

-  7 

-  9 

-  II 


I 


—  II 

—  12 

-13 
-14 

-14 

-14 

-13 

—  12 

—  m 

-  9 

-  7 

^  4 

—  2 

o 

+  3 
5 
8 

9 
II 

12 

13 

14 

14 

14 

13 
12 

10 

9 
7 
4 
+  2 
o 

-  3 

-  5 

-  8 

-  9 

—  II 


270 


260* 


250"  I  240 


" 

130** 

140** 

150" 

160" 

170* 

180° 

—  II 

—  II 

—  12 

—  12 

—  12 

—  12 

—  12 

—  12 

—  12 

—  12 

—  12 

—  12 

-13 

-13 

-13 

—  12 

—  12 

—  II 

-14 

-13 

-»3 

—  12 

—  II 

-10 

-u 

-13 

-12 

—  II 

10 

-  9 

-13 

—  12 

—  II 

—  10 

-  9 

-  8 

—  12 

—  II 

—  10 

-  9 

-  7 

-  6 

—  II 

—  10 

-  9 

-  7 

-  6 

-  4 

-  9 

-  8 

-  7 

-  5 

-  4 

-  2 

-  8 

-  6 

-  5 

-  3 

—  2 

0 

-  6 

-  4 

-  3 

—  I 

0 

+  2 

-  3 

—  2 

—  I 

-+-  I 

+  3 

4 

—  I 

0 

+  I 

3 

5 

6 

+  I 

+  2 

4 

5 

6 

8 

4 

5 

6 

7 

3 

9 

6 

7 

8 

9 

10 

10 

8 

9 

9 

10 

II 

II 

10 

10 

II 

II 

12 

12 

II 

II 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

12 

12 

II 

14 

13 

13 

12 

II 

10 

14 

13 

12 

II 

10 

9 

13 

12 

II 

10 

9 

8 

12 

II 

10 

9 

7 

6 

II 

10 

9 

6 

4 

9 

8 

7 

4 

+  2 

8 

6 

5 

+  2 

0 

6 

4 

3 

+  I 

0 

—  2 

3 

-H  2 

+  I 

—  I 

-  3 

-  4 

+  I 

0 

—  2 

—  3 

-  5 

-  6 

—  I 

—  2 

-  4 

—  5 

-  6 

-  8 

-  4 

-  5 

-  6 

—  7 

-  8 

-  9 

-  6 

-  7 

-  8 

-  9 

—  10 

—  10 

-  8 

-  9 

-  9 

—  10 

—  II 

—  II 

—  10 

—  10 

—  II 

—  II 

—  12 

—  12 

—  II 

—  II 

—  12 

—  12 

—  12 

—  12 

230** 

220' 

210'' 

200" 

190° 

180* 

360" 
350'' 

340° 

330^ 

320" 
310" 
300^* 
290** 
280** 
270" 
260' 

250** 
240** 
230'' 

220** 

210** 
200' 
190** 
180° 

170^ 
160** 

150^ 
140° 

130° 
120° 

no" 

lOO** 

90" 

80" 

70'' 

6o' 
SO'' 
40^ 
30^^ 
20' 

lO*' 


^' 


When  the  argument  g  is  at  the  bottom  of  the  page,  or  is  negative,  ^'  is  to  be  sought  for  at  the  right. 

-  » 

The  algebraic  sum  of  the  numbers  from  Tables  XXI  aud  XXII  is  the  hourly  variation  of  the  co-ordinate  x^  of  the  point  in  which  the  axis 
of  the  shadow  intersects  the  fundamental  plane. 
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Table  X. — Arg.  g+^.  Table  XL — Arg,  g—g. 


Table  XII. — Arg.  u. 


Table  XIII  a. 


<5T=  —0^.0051  sin  (g-hg^'). 


(JT  =  -f  (y*.oo75  sin  (^r  ^^•). 


1 

~ 

—  ^^   —  - 

■ 

-  - ' 

^+/- 

ST. 

1 

d 



g-g'- 

JT. 
d. 

0 

0 

->     1 

c 

0 

0.0000 

360 

0  1 

0.0000 

360 

10 

-    09 

+ 

350 

10  1 

+     13  - 

350 

20 

17 

340 

20  ' 

26 

340  , 

30 

25 

330 

30  ! 

1 

37 

330 

40 

33 

320 

40  ' 

48 

320  ' 

50 

39 

310 

50  ' 

57 

310 

60 

44 

300 

60 

1 

65 

300 

70 

48 

290 

70 

70 

290 

80 

50 

280 

80 

74 

280 

90 

•51 

270 

90 

75 

270 

100 

50 

260 

100 

74 

260 

no 

48 

250 

no 

70 

250 

I20 

44 

240 

120 

65 

240 

130 

39 

230 

130 

57 

230 

140 

33 

220 

140 

48 

220 

150 

25 

210 

150 

37 

210 

160 

17 

200 

160 

26 

200 

170 

1  —    09 

+ 

190 

170 

+     13  - 

190 

180 

0.0000 

1 

180 

180 

0.0000 

180 

1 

^  +  /. 

s  +  /. 

(5T  =  +  o<*.oi04  sin  2  u. 


u. 


o 
I 
2 

3 

4 

5 
6 

7 

8 

9 
10 

II  ^ 

12 

13 
14 

15 
16 

17 

18 

>9 


tJT. 

d. 
0.0000 

+  04 

07 
II 

14 

18 

22 

25 

29 

32 
36 

39 
42 
46 

49 
52 

55 

58 

61 

H-   0.0064 


The  sum  of  the  quantities  from  Tables  VIII  to  XII,  inclusive,  being  applied  to  the  time  T  of  meau  conjunc- 
tion of  the  sun  and  m«H)u  in  longitude,  will  give  the  Greenwich  fictitious  mean  time  of  true  I'onjunction  in 
longitude. 

To  re<luce  the  fictitious  time  thus  found  to  the  ordinarj'  calendar,  a  correction  from  the  table  foUowing  is  to 
be  applied.  The  correction  for  bissextile  years  presupposes  that  January  i  is  counted  as  the  zen)  day  of  the  year. 
In  order  that  it  may  correspond  to  the  civil  count. of  days,  it  must  be  increased  by  i. 


Day  of  the  Year  to  Day  of  the 

Month 

• 

Common  Bissext. 

0 

Year 

• 

Year. 

Jan. 

0 

—  I 

10 

10 

9 

' 

20 

20 

19 

Feb. 

0 

31 

30 

10 

4* 

40 

20 
0 

51 

• 

1 

50 

Mar. 

59 

10 

69 

20 

79 

April 

0 
10 
20 

90 
100 
no 

May 

0 
10 

20 

1 

120 

130 
140 

June 

0 
10 
20 

151 
161 

171 

July 

0 
10 
20 

181 
19X 
201 

Aug. 

1 

0 
10 
20 

212 
222 

232 

Sept. 

0 
10 
20 

243 

253 
263 

Oct. 

1 

0 
10 
20 

273 
283 

293 

Nov. 

0 
10 
20 

1 

304 
314 
324 

Dec. 

0 
10 
20 

334 
344 
354 

Table  XIII  6. — For  Reducing  Fictitious  Julian  Dates  to  those  oftlie  Ordinary  Calendar. 


Calendar  and  Limiting  Dates. 


Julian  calendar 

Gregorian  calendar,  1582  to  1700,  February 

Gregorian  calendar,  1700,  March,  t<»  1800,  February 

(iregoriau  calendar,  1800,  March,  to  1900,  February 

Gn^gorian  calendar,  1900,  March,  t^»  2100,  February 

Gr*.*gorian  calendar,  2100,  March,  to  2200,  February    -- 

Gn^gorian  calendar,  2200,  March,  to  2300,  February -f  15.00 


'    BiH8«»xtile 
I        Years. 

d. 
-f     0.00 

10.00 

11.00 

12.00 

13.00 

14.00 


Year  i 
after  His. 


-f 


d. 
0.25 

10.25 

11.25 

12.25 

13.25 
14.25 

+  15.25 


Year  2 
after  Bis. 


d. 
+    0.50 
10.50 

11.50 
12.50 

13.50 
14.50 

-f  15.50 


Year  ^ 
after  Bis. 


d, 
+    0.75 
10.75 

11.75 
12.75 

>3.75 
14.75 

+  15.75 


For  the  further  expressi^m  of  the  time  in  days  and  hours,  Tables  XIII  a  and  XIV  are  iHlded. 
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Table  XIV. — For  Changing  Dedmah  of  a  Day  to  Time  and  Arc. 


For 


T. 


Time. 


Arc. 


lOO 


d. 

O.OI 
0.02 
0.03 
0.04 
0.05 

0.06 
0.07 
0.08 
0.09  ' 
O.IO  I 

O.II 

0.12  I 

0.13 

0.14 

0.15 

0.16 
0.17 
0.18 
0.19 
0.20 

0.21 
0.22 
0.23 
0.24 
0.25 

0.26 
0.27 
0.28 
0.29 
0.30 

0.31 
0.32 

0.33 
0.34 
0.35 

0.36 

0.37 
0.38 

0.39 

0.40 

0.41 
0.42 

0.43 
0.44 

0.45 

0.46 

0.47 

0.48 

0.49 

0.50 


h,  m,  s. 

o  14  24 

o  28  48 

o  43  12 

0  57  36 

1  12  o 

I  26  24 

I  40  48 

1  55  12 

2  9  36 
2  24  o 


2 

2 

3 
3 
3 


6 
6 
6 
6 

7 


38  24 

52  48 

7  12 

21  36 

36  o 


3  50  24 

4  4  48 
4  19  12 
4  33  36 

4  48  o 

5  2  24 
5  16  48 
5  31  12 
5  45  36 
600 


14  24 

28  48 

43  12 

57  36 

12  o 


7  26  24 

7  40  48 

7  55  12 

8  9  36 
8  24  o 

8  38  24 

8  52  48 

9  7  12 
9  21  36 
9  36  o 

9  50  24 

10  4  48 

10  19  12 

10  33  36 
ID  48  O 

11  2  24 
II  16  48 
II  31  12 
II  45  36 

la  o  o 


3  36 

7  12 

10  48 

14  24 

18  o 

21  36 

25  12 

28  48 

32  24 

36  o 

39  36 

43  12 

46  48 

50  24 

'  54  o 

i  57  36 

61  12 

64  48 

68  24 

72  o 

75  36 

79  «2 

82  48 

86  24 

90  o 

93  36 

97  12 

I  100  48 

104  24 

108  o 

III  36 

115  12 

118  48 

122  24 

126  o 


129 

133 


36 

12 


136  48 
140  24 


144 
147 

»5i 
154 


36 
12 
48 
158  24 
162   o 

165  36 

169  12 

172  48 

176  24 

180  o 


Time. 

fn,    s. 
o  8.64 

o  17.28 

o  25.92 

o  34.56 
o  43.20 

0  51.84 

1  0.48 
I  9.12 

I  17.76 

I  26.40 

I 

I  35.04 

1  43.68 

1  52.32  : 

2  0.96 

2  9.60  : 

2  18.24  i 

2  26.88  j 

2  35.52 
2  44.16 
2    52.80 


Arc. 


3     1.44  , 
3  10.08  I 

3  18.72  ! 
3  27.36 
3  36.00  : 

3  44.64 

3  53.28  ! 

4  1.92 
4  10.56 
4  19.20 

4  27.84  I 
4  36.48 
4  45.12 

4  53.76  ' 

5  2.40  • 

5  11.04  ! 
5  19.68 
5  28. 32 
5  36.96 
5  45.60 

5  54.24 

6  2.88 
6  11.52 
6  20.16 
6  28.80 

6  37.44 
6  46.08 

6  54.72 

7  3.36 
7  12.00 


o    2.16 

o    4.32  ' 

o    6.48  I 

o    8.64  I 
o  10.80 

I 

o  12.96 
o  15.12 
o  17.28 
o  19.44 
o  21.60  , 

o  23.76 
o  25.92  , 
o  28.08 
o  30.24 
o  32.40 

o  3456 
o  36.72 
o  38.88 
o  41.04 

o  43.20  ' 

I 

o  45.36  i 

o  47.52  I 
o  49.68 
o  51.84  I 
o  54.00  ' 

o  56. 16 

o  58.32  I 
0.48 
2.64 
4.80 

6.96 

9.12 

11.28  • 

13.44 
15.60 

17.76 
19.92 

22.08  ' 
24.24 

26.40 

28.56 
30.72 
32.88 

35.04 
37.20 

I 

39.36  I 

41.52 

43.68 

45.84 

I 

48.00  I 


For 

T 

lOOOO 

T. 

Time. 

Arc. 

s. 

d. 

0.09 

0.02 

0.51 

0.17 

0.04 

0.52 

0.26 

0.06 

0.53 

0.35 

1    0.09 

0.54 

0.43 

O.ll 

0.55 

0.52 

0.13 

0.56 

0.60 

0.15 

0.57 

0.69 

0.17 

0.58 

0.78 

0.19 

0.59     ; 

0.86 

0.22 

0.60 

0.95 

0.24 

0.61 

1.04 

0.26 

0.62 

1. 12 

0.28 

0.63 

1. 21 

0.30 

0.64 

1.30 

0.32 

0.65 

1.38 

0.35 

0.66 

1.47 

0.37 

0.67 

1.56 

0.39 

o.6d 

1.64 

0.41 

0.69 

1.73 

0.43 

0.70  1 

1 

1. 81 

0.45 

0.71 

1.90 

0.48 

0.72 

1.99 

0*50 

0.73 

2.07 

0.52 

0.74 

2.16 

0.54 

0.75 

2.25 

0.56 

0.76 

2.33 

0.58 

0.77 

2.42 

0.60 

0.78 

2.51 

0.63 

0.79  , 

2.59 

0.65 

0.80 

2.68 

0.67 

0.81  1 

2.76 

0.69 

0.82 

2.85 

0.71 

0.83 

2.94 

0.73 

0.84 

3.02 

0.76 

0.85 

3.11 

0.78 

0.86 

3.20 

0.80 

0.87 

3.28 

0.82 

0.88 

3.37 

0.84 

0.89 

3.46 

0.86 

0.90 

3.54 

0.89 

0.91 

3.63 

0.91 

0.92 

3.72 

0.93 

0.93 

3.80 

0.95 

0  94 

3.89 

0.97 

0.95 

3.97 

0.99 

0.96 

4.06 

1.02 

0.97 

4.15 

1.04 

0.98 

4.23 

1.06 

0.99 

4.32 

1.08 

1. 00 

Time. 


Arc. 


For  -  • 
100 


For 


loooo 


2  14  24 

2  28  48 

2  43  12 

2  57  36 

3  12  o 


26  24 

40  48 

55  '2 

9  36 

24  o 


4  38  24 

4  52  48 

5  7  12 
5  21  36 
5  36  o 

5  50  24 

6  4  48 
6  19  12 
6  33  36 

6  48  o 

7  2  24 
7  16  48 
7  31  12 

7  45  36 
800 

8  14  24 
8  28  48 
8  43  12 

8  57  36 
9120 

9  26  24 
9  40  48 
9  55  12 

20  9  36 

20  24  o 

20  38  24 

20  52  48 

21  7  12 
21  21  36 
21  36  o 

21  50  24  j 

22  4  48  ' 
22  19  12 
22  33  36 

22  48  •  o 

23  2  24 
23  16  48 
23  31  12 

23  4S  36 

24  o  o 


183  36 

187  12 

190  48 

194  24 

198  o 

201  36 

205  12 

208  48 

2T2  24 

216  O 

219  36 

223  .12 

226  48 

230  24 

234  o 

237  36 

241  12 

244  48 

248  24 

252  O 

255  36 

259  12 

262  48 

266  24 

270  O 

273  36 

277  12 

280  48 

284  24 

288  O 

291  36 

295  12 

298  48 

302  24 

306  O 

309  36 

313  '2 

316  48 

320  24 

324  o 

327  36 

33»  '2 

334  48 

338  24 

342  o 

345  36 

349  12 

352  48 

356  24 

360  o 


Time. 

w.     s, 
7  20.64 

7  29.28 
7  37.92 
7  46.56 

7  55.20 

8  3.84 
8  12.43 
8  21.12 
8  29.76 
8  38.40 

8  47.04 

8  55.68 

9  4.32 
9  12.96 
9  21.60 

9  30.24 
9  38.88 
9  47.52 
9  56.16 
o    4.80 

o  13.44 
o  22.08 

o  30.72 

o  39- 36 
o  48.00 

0  56.64 

1  5.28 

I  13.92 
I  22.56 
I  31.20 

I  39-84 
I  48.48 

1  57.12 

2  5.76 
2  14.40 

2  23.04 
2  31.68 
2  40.32 
2  48. 96 

2  57.60 

3  6.24 
3  [4. 88 
3  23.52 
3  32.16 
3  40.80 

3  49.44 

3  58.08 

4  6.72 
4  15.36 
4  24.00 


Arc. 


I  50.16 
I  52.32 

I  54.48  I 
1   56.64 

1  58.80 

2  0.96 
2  3.12 
2      5.28 

2  7.44 
2     9.60 

2  11.76  ! 

2    13.92 
2    16.08    , 
2    18.24 
2   20.40 

2  22.56 
2  24.72 
2  26. 88 
2  29.04 
2  31.20 

2   33.36   I 
2   35.52 

2   37.68 

I 

2  39.84 
2   42.00 

2   44.16 

2  46.32 
2  48.48 
2  50.64 
2    52.80    ' 

2    54.96 

2  57.12 

2  59.28 

3  1.44 
3     360 


5.76 
7.92 

3  10.08 
3  12.24 
3  14.40 

3  16.56 
3  18.72 
3  20.88 
3  23.04 
3  25.20 

3  27.36 
3  29.52 
3  31.68 

3  33.84 
3  36.00 


Time.  I  .Arc. 


s, 
4.41 

4.49 

4.58 

4.67 

4.75 

4.84 
4.92 
5.01 
5.10 
5.18 

5«27 

5.36 

5.44 

5.53 
5.62 

5.70 

5.79 
5.88 

5.96 
6.05 

6.13 
6.22 
6.31 

6.39 
6.48 

6.57 
6.65 
6.74 
6.83 
6.91 

.00 
.08 

.17 

.26 

.34 

.43 
.52 
.60 
.69 

.78 

.86 

.95 
8.04 

8.12 

8.21 

8.29 
8.38 

8.47 
8.55 
8.64 


.10 
.12 
.14 
.17 
-19 

.21 

.23 
.25 
.27 
.30 

.32 
.34 
.36 
.38 
.40 

.43 
.45 
.47 
.49 
.51 

.r3 
.56 
.58 
.60 
.62 

.64 

.66 
.68 
.71 
.73 

.75 

.77 

.79 
.81 

.84 

.86 
.88 
.90 
.92 
.94 

.97 
.99 
2.01 
2.03 
2.05 

2.07 
2.10 
2.12 
2.14 
a.  16 


_-\ 


4^ 


TABLES  OF  SOLAR  ECLIPSES. 


Table  XV,  Arg.  g. — Values^  of  u^  —  u^. 


«i  —  «b  =  —  0* 

•.403  sin  ^  +  0 

°.oi6  sin  2g, 

■ 

g 

o* 

10*^ 

20^ 

30° 

40^ 

50° 

60" 

70° 

80** 

e 

e 

0 

e 

0 

0 

0 

0 

0 

0 

• 

O 

—  .C004- 

*-.o64+ 

-.128  + 

— :i88+ 

-.243-+- 

-.2934- 

-.335  + 

-.368  + 

-.391  + 

10 

I 

.006 

.071 

.134 

.193 

.249 

.297 

.339 

.371 

.393 

9 

a 

.013 

.077 

.140 

.199 

.254 

.302 

.343 

.374 

.395 

8 

3 

.019 

.084 

.146 

.205 

.259 

.306 

.346 

.376 

.396 

7 

4 

—  .026+ 

—  .090+ 

—  .152+ 

9 

—  .211  + 

-.264-h 

—  .3"*- 

-.349+ 

-.379+ 

-.397+ 

6 

1         5 

—  .032+ 

—  .096  + 

-.158+ 

—  .216+ 

—  .269+ 

-.315  + 

-.353  + 

-.381  + 

-.399+ 

• 

5 

6 

.039 

.103 

.164 

.222 

.274 

.3»9 

.356 

.383 

,400 

4 

7 

.045 

.109 

.170 

.227 

.279 

.323 

.359 

.386 

.401 

3 

8 

.052 

.115 

.176 

.233 

.283 

.327 

.362 

.388 

.402 

2 

9 

.058 

.121 

•  182 

.238 

.288 

.331 

.365 

.390 

.4<^ 

I 

lO 

1 

--.064-+- 

—  .1284- 

—  .188+ 

-.243-+- 

-.293+ 

-.335  + 

-.368  + 

-.391  + 

-.403  + 

0 

1 

1 
1 

350' 

340** 

330' 

320" 

310'* 

300** 

290° 

280° 

270'' 

g 

g 

i 
1 

90° 

• 

100'' 

110° 

120** 

130** 

140** 

150° 

160'' 

170^ 

1 

1 

0 

0 

0 

a 

0 

0 

0 

0 

0 

0 

e 

0 

-.403+ 

—  .402  + 

-.389  + 

-.363  + 

-.324  + 

-.275  + 

-.215  + 

-.1484- 

-.075  + 

10 

I 

.403 

.402 

.387            i 

.360 

.320 

.269 

.209 

.141 

.068 

9 

2 

.404 

.401 

.385 

.356 

.316 

.264 

.202 

.134 

.060 

8 

'         3 

.404 

.400 

.383 

.352 

.3" 

.258 

.196 

.127 

.053 

7 

4 

1 

!       —.404+ 

-.399+ 

—  .380  + 

-.348  + 

—  .306+ 

—  .252  + 

-.189  + 

—  .1204- 

-.045  + 

6 

5 

i       —.404  + 

-.397  + 

-.377  + 

—  .344+ 

-.301  + 

—  .2464- 

—  .1824- 

—  .1124- 

-.0384- 

5 

6 

.404 

.39^ 

.375 

.340 

.296 

.240 

.176 

.105 

.030 

4 

7 

.404 

.394 

.372 

.336 

.291 

.234 

.169. 

.097 

.023 

3 

8 

1 

.403 

.393 

.369 

.332 

.286 

.228 

.162 

.090 

.015 

2 

9 

.403 

.39» 

.366 

.328 

.281 

.222 

.155 

.083 

.008 

I 

10 

!        -.402-h 

-.389  + 

-.363  + 

-.324  + 

-.275  + 

—  .215-f 

-.1484- 

-.075  + 

—  .0004- 

0 

1          260* 

1 

250" 

240** 

230* 

220* 

210* 

200' 

190' 

iW 

g 

TABLES  OF  SOLAR  ECLIPSES. 


4S 


Table  XVI.— .4r^,  /. 


«i  —  Ko  =  +  2**.094  sin^'  +  o*.027  sin  2g' 

• 

t 

g 

o" 

10* 

20» 

30° 

40' 

1 

50' 

60" 

1 

70° 

80" 

o 

o 

0 

0 

0 

0 

0 

0 

0 

0 

e 

0 

o.ooo 

+0.373      - 

+0.734     - 

+  1.070        — 

+  1.373     - 

+  1.631         — 

+  1.837      - 

+  1.985         - 

+2.072      — 

10          1 

J^ 

37 

,   35 

3a 

28 

23 

^      '7 

12 

I 

+0.038    — 

0.410 

0.769 

I.  102 

1. 401 

1.654 

1.854 

1.997 

2.077 

9 

37 

36 

34 

32 

27 

33 

X7 

XO 

2 

0.075 

0.446 

0.803             ' 

1.134 

I.42S 

1.676 

1. 871 

2.007 

2.081 

8 

37 

37 

35 

3« 

'                 27 

22 

«7 

XX 

3 

O.II2 

0.483 

0.838 

1.165 

1.455 

J.  698 

1.888 

2.018 

2.085 

7 

38 

36 

«      34          1 

,3» 

27 

22 

X5 

9 

4 

+  0.150      — 

+0.519      — 

+0.872      — 

+  I.I96      — 

+  1.482     — 

+  1.720        - 

+  1.903      - 

+  2.027      — 

+  2.088      — 

6 

37 

36 

34 

1 

30 

26 

2X 

X5 

• 

9 

1 

5 

+0.187      — 

+0.555      - 

j 
+0.906      — 

+ I . 226      — 

+  1.508     - 

+  I.74I         - 

+  I.918      — 

+  2.036      — 

+  2.091      — 

5 

37 

36         1 

33 

30 

25 

20 

«5 

8 

2 

6 

0.224 

0.59^ 

0.939 

1.256 

1.533 

1.761 

1.933 

2.044 

2.093 

^        i 

•       .    38 

.     36 

33 

«.3o 

«*5 

20 

14 

8 

X 

7 

0.262 

0.627 

0.972 

1.286 

1.558 

I.  781 

1.947 

2.052 

2.094 

3 

37 

..   3^ 

33 

39 

«   '5 

«        '9 

.    '3 

7 

0 

1 

8 

0.299 

0.663 

1.005 

».3i5 

1.583 

1.800 

1.960 

2.059 

2.094 

2 

37 

35 

33            ; 

29 

24 

«9 

«3 

7 

X 

9 

0.336 

0.698             i 

1.038          ! 

1.344 

1.607 

1. 819 

1.973 

2.066 

2.095 

I 

37 

36         ' 

32 

39 

24 

x8 

Z2 

6 

X 

lo 

+0.373      - 

+0.734      -    1 

+  1.070    — 

1 

1 

+  '•373     - 

+  I.63I      — 

+  1.837      - 

+  1.985         - 

+  2.072      — 

+2.094    — 

0        ' 

.        350° 

340° 

1 

1 

1 
1 

330 

1 

1 

320* 

310° 

3€X)° 

290" 

280" 

270° 

i 
g' 

1 

. 

g' 

1 

1 

90° 

100* 

no'' 

I20*' 

130° 

140° 

150' 

160*' 

170" 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

e 

i    ° 

+  2.094     - 

+2.053      — 

+  1.950    — 

+  1.790      — 

+  1.578     - 

+1.319   - 

+  1.024      — 

+0.699      — 

+0.354      - 

IC 

X 

8 

n 

»9 

24 

38 

32 

.^    34 

35 

I 

2.0  3 

2.045 

1.937 

1.771 

1.554 

1. 291 

0.992 

0.665 

0.319 

9 

3 

8 

14 

30 

25 

38 

32 

,      34 

35 

2 

2.091 

2.037 

1.923 

1.751 

1.529 

1.263 

0.960 

0.631 

0.284 

8 

3 

9 

15 

30 

25 

29 

3« 

34 

35 

.  3 

2.0sH8 

2.028 

1.908 

1.731 

1.504 

1.234 

0.929 

0.597 

0.249 

7 

3 

9 

«5 

30 

25 

29 

«      32 

.   34 

36 

4 

+  2.085      — 

+2.019      — 

+  1.893      - 

+  1.711      — 

+1.479   - 

4- 1 .  205     — 

+0.897      — 

+0.563      — 

+0.213      .*. 

6 

4 

XO 

x6 

• 

3Z 

25 

29 

33 

35 

35 

5 

+  2.081       — 

+  2.009      — 

+  1.877      - 

+  1.690        — 

+1.454   - 

+  1.176     — 

+0.864      — 

+0.528      — 

+0.178      — 

5 

4 

XO 

16 

33 

36 

30 

«      32 

34 

36 

6 

2.077 

1*999 

1. 861 

1.668 

1.428 

1.146 

0.832 

0.494 

0.142 

4 

5 

X3 

'7 

33 

27 

30 

33 

35 

35 

7 

2.072 

1.987 

1.844 

1.646 

1. 401 

1. 116 

0.799 

0.459 

0.107 

3 

6 

XX 

»7 

33 

27 

30 

.33 

35 

36 

8 

2.066 

1.976 

1.827 

1.624 

1.374 

1.086 

0.766 

0.424 

O.O7X 

2 

6 

X3 

18 

23 

27 

3' 

34 

34 

^35 

9 

2.060 

1.963 

1.809 

1.601 

1.347 

1.055 

0.732 

0.390 

+    0.036      — 

I 

7 

«3 

19 

23 

38 

3« 

^      33 

36 

36 

10 

+  2.053      — 

+  1.950      - 

+  1.790      - 

+  1.578     - 

+1.319*  — 

+  1.024      — 

+0.699      — 

+0.354      — 

0.000 

0 

1 

• 
260* 

250° 

240" 

230* 

1 

220° 

210' 

200** 

1 

190* 

1 

180° 

g' 

The  sam  of  the  three  numbers  from  Tables  XV-XVII  is  the  reduction  from  the  mean  argument  of  latitude  at  mean  conjunction  to  tnie 
aignmeDt  at  true  ecliptic  conjunction,  measured  on  the  ecliptic. 


TABLES  OF  SOLAR  ECLIPSES, 


I. 


Table  XVII  —Arg.  (g  +  g'). 


— 

-  - 

—  — 

_   ._   ._ 

— — 

—  —  —  -  — 

-. 

1 

U\  - 

I/O  ^  —  o''.ol2  Sin  {g  +  gy 

1              ' 

1 

g-^g' 

1 

1 

1 

• 

o 

1 
0.000 

0 
360 

1 
90 

0 

—  .012  -H 

• 
d^o 

1 

lO 

—  .002  H- 

' 

350 

too      1 

1 

.012 

260 

1 
1 

20 

.004 

340 

110     j 

1 

.Oil 

250 

; 

30 

.006 

1 

1 

330 

120 

.Oib 

240 

1 

40 

.008 

t 

320 

I3t>     ! 

.ooq 

230 

' 

50 

.009 

310 

140 

1 

.008 

220 

60 

.010 

1 

300 

1 

150     1 

.006 

210 

70 

.Oil 

290 

160     1 

.004 

too 

80      ; 

.012 

280 

170 

—  .002  + 

190 

1 

90 

—  .012  -f 

270 

180     1 

0.000 

180 

• 
1 

1 

g-^g' 

1 
1 

,g-^g' 

-•  --1— 1 

For  Valties  of  y^  at  the  MoMefii  of  Ecliptic  Conjunction  (y/), 


Table  XVI 11  —Arg.  g. 


yi**  =  ^  .0006  sin^  -h  .0091  sin  2^  (near  ^soeMdtng  node). 
/i**  =  -f-  .0006  sin^  —  .0091  sin  2g  (tteAir  descending  node). 


i    € 

1 

0 

g 

0 

1 

0 

■ 

e 

*      0 

1 

.000 

360 

90 

--  .001  -f 

270 

10 

4-  .003  - 

350 

too 

.004 

260 

20 

1 

.006 

340 

no 

.006 

250 

30 

+  .008  — 

330 

120 

—  .008  + 

240 

1    40 

,     .009 

320 

130 

.010 

230 

50 

.008 

) 

310 

140 

*oo9 

220 

1 

,     60 

1 

+  .007  —   ! 

300 

150 

-  .008  4- 

210 

!     70 

:   .005 

290 

160 

.006 

200 

80 

1  -h  .002  —  1 

2S0 

170 

—  .003  -f 

190 

90 

1  —  .001  -H  '  ' 

1            I 
~\'     '  '         -   ■  --    - 

1 

! 

270 

180 

.000 

1 

180 

g 

g 

Table  XlX.-^^r^.  g'. 


_yj°  =  +  .0163  sin/ '  (neir  Ascending  node); 
■y,°  Si  —  .0163  <!n^'  (near  dbscendirig  ttodk). 


g' 


S 


0 

0 

• 

0 

0 

180 

0 

.000 

180 

360 

170 

10 

-f  .003  — 

190 

350 

160 

20 

.006 

200 

340 

150 

30 

4-  .008  — 

210 

330 

140 

40 

.011 

220 

320 

130 

50 

.012 

230 

1 

310 

120 

60 

1 

-h  .014  — 

240 

300 

no 

70 

.015 

250 

290 

100 

1    80 

.016 

260 

280 

90 

QO 

1 

4-  .016  — 

270 

270 

In  Tables  XVIII  and  XIX,  the  numbers  have  the  Hign  givt;n  with  thoui  near  the  aAcending  node,  and  the  ojtpoHite  sign  near  the  descending 
node. 

The  algebraic  hiuii  of  the  numberH  taken  from  the  three  tablcN,  XVIII  to  XX,  is  the  valne  of  y:,  the  onlinate  of  the  i»oint  in  which  the  axis 
of  the  shadow  intersects  the  fnn<laniental  plane,  at  the  moment  of  trne  ecliptic  conjunction.  This  ordinate  is  reckoned  in  a  direction  perpen- 
dicular to  the  ecliptic. 

In  Table  XX,  the  algebraic  sign  of  the  unmberN  is  the  same  as  that  of  sin  Mi.  Near  the  descending  node  Mi  differs  little  from  180° ;  hence 
near  the  ascending  node  the  numlier  from  Table  XX  has  the  same  sign  as  ux ;  near  the  descending  no<le  the  opposite  sign  of  iii  — 180**. 
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Table  XX.— Hot.  Arg.^  ff  /  Vertical  Arg.,  u,. 


i 

" 

—  - 

- 



...  - 

- 

.        J        m 

_-  . 

— 

— 

1 

1 

1 

1 

0 
• 

20' 
340' 

> 

T  '""    ~' 
30' 

330* 

1 
1 

0 

> 

+  (5.245-0.33 

320* 

1 

0  cos^)  si 

n  u\ 
> 

88 
88 
87 

6o' 
300' 

o.ooO 
0.089 
0.178 

> 

> 

89 

88 

> 

3 

80' 
280' 

» 
> 

9»; 

270 

i     u 

""r 

1 

0.086 

1                      86 
0.172 

.      ^5 

10 
350 

O.OOO 
O.Oo^ 
0.i72 

50^ 

1 

,      0.000 

0.0S8 

0.176 

1 

70' 
290* 

1 

> 

1 

1 

1 

o 

i 

I 

i 

1 

0.000 

o;fe«6 
o.i7i 

§6 
85 

0.000 

o.oi6 

1 

0.174 

86 
8ft 
l6 

1 

0.000 

1     0.087 

,      0.I7J 

87 

88 
86 

0.000 

• 

'      o.ogo 
0.180 

1 

90 

8g 

0.000 
0.091 
0.181 

9» 
90 
9« 

90 
90 

0.000 

.    0.092 

0.183 

9* 
9« 

1 

♦ 

1 

3 
4 
5 

0.257        . 

0.343 

0      ^5 
0.428 

«5 

t>.257 

0.343 
0.429 

86 
85 

6.258 

6.^44 

0.430 

86 
tik 
86 

0.^60 
i      0.346 

86 
86 
89 

OiJ6l 
0.348 

0.435 

87 
87 

0.263 

0.351 

,      0.439 

88 

88 

87 

0.266 

0.354 
0.443 

88 

89 
88 

0.269 
0.358 

0.447 

1 

^7 
89 
89 
89 

0.272 

0.362 
0.452 

0.275 
0.366 

0'^57 

9"     • 

1 

9« 

i 

9t  : 

1 

9t     . 

6 

1 

0.513 

0.514 

86 

0.516 

85 

0.518 

1 
1 

86 

0.522 

87 

,      6f.  saf6 

8y 

0.531 

88 

0.536 

89 

0.542 

90 

0.548 

1 
1 

91    L 

'       7 

0.599 

0.600 

m  . 

0.601 

0.604 

0.609 

0.613 

0.619 

0.623 

w 

0.632 

w 

0.639 

1 

-.«       *^ 

h 

86 

86 

86 

87 

88 

1 

89 

90 

•^  ^ 

01 

1       8 

1 

0.684 
0.76^ 

0.68$ 

t  ■  _ 

o.6§7 

0.690 

0.695 

0.700 

0.707 

1      0.714 

w 

.     0.722 

^ 

0.730 

y»     1 

1 

1 

A    W 

6s 

«5 

86 

1 

86 

1 

87 

ii 

1 
1 

89 

90 

•  ^0 

9X 

!      9 

0,770 

a 

0.772 

;    0.776 

0.781 

.      0.787 

0.795 

0.8©3 

0.812 

0.821 

7 

1 

«         ^^ 

94 

8S 

85 

86 

87 

87 

88 

• 

89 

1 

QO 

,     '0 

0.85^     ^^ 
0.938 

0.854 

0.8S7 

4? 

0.861 

0.867 

0.874 

0.882 

0.891 

0.901 

w 

0.011 

T^ 

II 

O.^J9 

85 

§4 

6.942 

Us 

0.946 

6s 

1      0.953 

86 

1 

0.960 

86 

1 

:      0.9^)9 

87 

0.979 

88 

0.990* 

89 

0 

1. 001 

9» 

r 

^4 

8^4 

«S 

I 

85 

86 

1 

87 

88 

89^ 

*>  ! 

1      IS 

1.622 

c  1 

1 .023 

1 .026 

1       t.03< 

1.03^ 

• 

1.046 

1.056 

1.067 

1.079 

1.090 

1. 106 

^4 

« 

8# 

1 

H 

H 

, 

86 

87 

88 

88 

90 

13 

I;  167 

*i 

^.116 

L* 

1. 116 

<.I2J 

1.132 

1.143 

1.155 

1. 167 

1.180 

1 

0      ^^ 

*^f 

(f4 

H 

* 

85 

86 

87 

88 

t^ 

!       M 

1. 189 

1.196 

i-i9i 

0 

k      i.tkio 

1.208 

1.217 

1.229 

1.242 

,      1.255 

1.269 

83 

8i 

h 

^ 

^4 

U 

r 

85 

86 

86 

1 

88 

89 

j    '5 

1.372 

1.273 

*3 

1.277 

83 

i.i84 

83 

f.2f92f 

84 

i.3<« 

85 

1.315 

.«5 

1.328 

87 

1.343 

87 

1.358 

88 

'     l6 

1.3JJ 

1.356 

1.360 

1.367 

I.3f76 

1.387 

1.400 

1.415 

1.430 

1.446 

82 

8f 

83 

85 

^ 

1 

^ 

85 

86 

87 

1 

88    , 

!     '7 

1.437 

83 

1.438 

8a 

t«443 

8^ 

1.450 

a^ 

1.460 

83= 

f      1.471 

1 

U 

1.485 

85 

1. 501 

85 

1.517 

86 

1.534 

1 
1 

87 

!    i8 

1. 519 

1.520 

1.525 

1 

1 

1.543 

1.555 

,       ».57o 

1 

1.586 

1.603 

1. 621 

Ui 

A^r^ 

100* 

no'' 

120** 

i^o- 

140"* 

150* 

160*' 

170'' 

180' 

260' 

250' 
0.00b 

- 

240' 

230" 

0.000 

-   - 

220** 
O.OOO 

- 

210'* 

200" 
0.000 

190** 

i8o- 

o 

o 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

9»    , 

9a 

^ 

94 

• 

95 

96 

^    1 

97 

97 

97    ! 

f 

0.092 

0.092 

0.093 

0.«)4 

0.095 

0.096 

0.096 

1 

0.097 

0.097 

0.097 

1 
1 

1 

1 

«        9«    ' 

93 

94 

f9 

96 

96 

97 

97 

98 

98    1 

2 

0.183 

0.185 

0.187 

0..l8q 

0. 191 

0.192 

0.193 

0.194 

0.195 

0.195 

9»    1 

9a 

93 

94 

95 

95 

96 

97 

96 

97 

3 

0.275             1 

0.277 

0.280 

0.283 

0.286 

0.287 

0.289 

■ 

0.291 

0.291 

0.292 

9« 

93 

94 

94 

95 

96 

97    , 

97 

98 

97    ' 

4 

0.366 

0.370 

0.374 

0.377 

0.381 

0.383 

0.386 

0.388 

0.389 

0.389 

1 

9« 

9a 

93 

95 

95 

96 

96 

96 

96 

97 

5 

0.457 

0.462 

0.467 

0.472 

0.476 

0.479 

0.482 

1 

0.484 

0.485 

0.486 

9« 

9« 

93 

93 

94 

95 

9*  ; 

97 

97 

97 

1 

6 

0.548 

9» 

0.554 

9a 

0.560 

93 

0.565 

94 

0.570 

95 

0.574 

96 

0.578 

9«  ; 

0.581 

96 

0.582 

97 

0.583 

1 
96 

7 

0.639 

0.646 

0.653 

0.659 

0.665 

0.670 

0.674 

1 

0.677 

0.679 

0.679 

9« 

93 

93 

94 

95 

95 

96 

96 

• 

96 

97  ; 

8 

0.730 

0.738 

0.746 

0.753 

0.-60 

0.765 

0.770 

0.773 

0.775 

0.776 

• 

9« 

9> 

93 

93 

94 

95 

95 

96 

96 

96  ; 

9 

0.821 

0.829 

0.838 

0.846 

0.854 

0.860 

0.865 

0.869 

0.871 

0.872 

1 

1 

90  : 

92 

9a 

94 

94 

94 

95 

96 

96 

96   ; 

lO 

0.911 

0.921 

0.930 

0.940 

0.948 

0.954 

0.960 

0.965 

0.967 

0.968 

90 

9« 

93 

93 

93 

95 

95 

95 

96 

96 

II 

I.,QQI 

89 

1. 012 

90 

1.022 

93 

1.032 

93 

1. 041 

94 

1.049 

94 

1.055 

1 
1 

95 

1.060 

95" 

1.063 

95 

1.064 

95 

12 

1.090 

1. 102 

1. 114 

1.125 

X.I35 

1.143 

1. 1 50 

1.155 

1. 158 

1.159 

■ 

90 

9> 

9» 

a 

93 

94 

94 

95 

95 

95 

13 

1. 189 

1.193 

1.295 

I.217 

1.228 

1.237 

1.244 

1.250 

1.253 

1.254 

89 

1 

90 

^  I ' 

V»    ' 

9a 

93 

93 

94 

94 

95 

95 

14 

1.269 

1.283 

«  ■ 

1.296 

,  i 

1.309 

1.320 

1.330 

1.338 

1 

1 

1.344 

1.348 

1.349 

1 

89 

« 

•^ 

9,' 

r 

9« 

9a 

93 

93    ; 

94 

94 

94 

15 

1.358 

1.372 

•- J 

1.387 

1 1 

^.400 

1. 412 

1.423 

1.431 

1.438 

1.442 

1.443 

88 

• 

!^ 

90 

y' 

9a 

93 

93 

93 

93 

94 

i6 

1.4^6 

f"^f 

/ 

1.477 

^.491 

^•504 

1.515 

1.523 

, 

1.531 

1.535 

1.537 

■ 

•  ^        88 

1                '  • 

89 

89 

9' 

93 

9a 

94  ; 

93 

93 

93 

17 

1.534 

f  -^59 

1.566 

^582 

T- 

1.596 

1.607 

1.617 

i 

1.624 

1.628 

1.630 

. 

87 

1      *^ 

88 

89 

99 

90 

9a 

9a 

93 

93 

93 

I8 

1. 631 

1.638 

1.655 

l./*72 

^      ■ 

1.686 

T 

1. 699 

1.709 

1.717 

1. 721 

1.723 

# 
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Table  XXI. — For  Howrly  Motion  of  Axis  of  Shadow. 


g 

o» 

10" 

20** 

30- 

h  0.5410  -h  0.0397  cos  g. 

1 

1 

1 

40" 

50- 

to"" 

70° 

80" 

• 
0 

.5807 

.5801 

.5783 

.5754 

■ 

1 

.5714     .5665 

.5608 

.5546 

.5479 

1 

1 
10 

I 

.5807 

.5800 

.5781 

.5750 

.5710      .5660 

.5602 

.5539 

.5472 

9 

2 

.  5807 

.5798 

.5778 

.5747 

.5705     .5654 

.5596 

.5533 

.5465 

8 

3 

.5806 

.5797 

.5775 

.5743 

.5700 

.5649 

.5590 

.5526 

.5458 

1 
7 

4 

.5806 

.5795 

.5773 

.5739 

.5696 

.5643 

.5584 

.5519 

.5452 

6   ' 

1 

5 

.5805 

.5793 

.5770 

.5735 

.5691 

.5638 

.5578 

.5513 

.5445 

1 

1 

5 

6 

.5805 

.5792 

.5767 

.5731 

.5686 

.5632 

.5571 

.5506* 

.5438 

1 

4 

7 

. 5804  . 

.5790 

.5764 

.5727 

.5681 

• 

.5626 

.5565 

.5499 

.5431 

3 

8 

.5803 

.5788 

.5761 

.5723 

.5676 

.5620 

.5559 

.5492 

.5424 

2 

9 

.5802 

.5785 

.5757 

.5719 

.5670 

.5614 

.5552 

.5486 

.5417 

I   ! 

• 

10 

.5801 

.5783 

'5754 

.5714 

.5665 

.5608 

.5546 

.5479 

.5410 

0 

350° 

340° 

330" 

320' 

310" 

300' 

290° 

280° 

270' 

1 

g 

90- 

lOO** 

• 

no'' 

120** 

130" 

140" 

150°   • 

160° 

170- 

e 
0 

.5410 

.5341 

.5274 

.5212 

.5155 

.5106 

.5066 

.5037 

.5019 

e 
10 

I 

.  5403 

.5334 

.5268 

.5206 

.5150 

.5101 

.5063 

.5035 

.5018 

9 

2 

.5396 

.5328 

.5261 

.5200 

.5'44 

.5097 

.5059 

.5032 

.5017 

8 

3 

.5389 

.5321    ' 

.5255 

.5*94 

.5139 

.5093 

.5056 

.5030 

.5016 

7 

4 

1 

.5382 

.5314 

.5249 

.5188 

.5134 

.5089 

.5053 

.5028 

.5015 

6 

1 
1 

5 

.5375 

.5307 

.5242 

.5182 

.5129 

.5085 

.5050 

.5027 

.5015 

5 

6 

.5368 

.5301 

m 

.5236 

.5177 

.5124 

.5081 

.5047 

.5025 

.5014 

4   , 

7 

.5362 

.5294 

.5230 

.5171 

.5119 

.5077 

.5045 

.5023 

.5014 

3 

1 

8 

.5355 

.5287 

.5224 

.5166 

.5114 

.5073 

.5012 

.5022 

.5013 

2 

9 

.5348 

.5281 

.5218 

.5160 

.5110 

.5070 

.5039 

.5020 

.5013 

1 

I   1 

10 

.5341 
260* 

.5274 

! 

250** 

1 

.5212 

_  _  _ 

240* 

.5«55 
230^ 

.5106 

.5066 
210° 

.5037 

.5019 

.5013 

0 

220" 

200** 

190'' 

180- 

g 
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Table  XXII. — For  Hourly  Motion  of  Axis  of  Shadow. 


When  the  argument  g  is  at  the  bottom  of  the  page,  or  is  negative,  g'  is  to  be  sought  for  at  the  right. 

The  algebraic  sum  of  the  numbers  from  Tables  XXI  and  XXII  is  the  hourly  variation  of  the  co-ordinate  x-i  of  the  point  in  which  the  axis 
of  the  shadow  intersects  the  fundamental  plane. 


x\ 

=  -0<' 

.0010  cos  g'  -H  o«*.ooo6  cos  (g  -f  g') 

—  o'*.ooo4  cos  (g  —  g'), 
no'   120"   130"   140^* 

150^ 

160" 

170** 

180** 

i 

! 

1 

o'' 

10'' 

20° 

30' 

40** 

50^ 

60* 

70- 

80° 

90' 

100" 

o» 

1 

-  8 

-  8 

-  8 

-  8 

-  8 

-  9 

-  9 

-  9 

—  10 

-10 

—  10 

—  II 

—  II 

—  II 

—  II 

-12 

—  12 

—  12 

—  12 

360° 

10' 

-  8 

-  8 

-  8 

-  9 

-  9 

—  10 

—  10 

—  II 

—  II 

-II 

—  12 

—  12 

—  12 

—  12 

—  12 

—  12 

—  12 

—  12 

—  12 

350" 

20° 

-  7 

-  8 

-  9 

-  9 

—  10 

—  II 

—  II 

—  12 

—  12 

-13 

-13 

-13 

-13 

-13 

-13 

-13 

—  12 

—  12 

—  II 

340*  1 

30- 

-  7 

-  8 

-  9 

—  10 

—  II 

—  II 

-12 

-13 

-13 

-13 

-14 

-14 

-14 

-14 

-13 

-13 

—  12 

—  II 

-ID 

330" 

1 

40^ 

-  6 

-  7 

-  8 

-  9 

-II 

—  12 

—  12 

-13 

-14 

-14 

-N 

-14 

-14 

-14 

-13 

—  12 

—  II 

—  10 

-  9 

320°  ' 

50^ 

-  5 

-  6 

-  8 

-  9 

—  10 

—  II 

—  12 

-13 

-14 

-14 

-M 

-14 

-14 

-13 

—  12 

-II 

-10 

-  9 

-  8 

310** 

60*' 

-  4 

-  5 

-  7 

-  8 

—  10 

—  II 

—  12 

-13 

-13 

-14 

-14 

-14 

-13 

—  12 

—  II 

—  10 

-  9 

-  7 

-  6 

300* 

70^ 

-  3 

-  4 

-  6 

-  7 

-  9 

—  10 

—  II 

—  12 

-13 

-13 

-13 

-13 

—  12 

-II 

—  10 

-  9 

-  7 

-  6 

-  4 

290* 

80° 

—  I 

-  3 

-  5 

-  6 

-  8 

-  9 

-10 

-II 

-II 

—  II 

—  II 

—  II 

—  rb 

-  9 

-  8 

-  7 

-  5 

-  4 

-  2 

280'' 

90- 

0 

—  2 

-  3 

-  5 

-  7 

-  8 

-  9 

-.9 

—  10 

—  10 

—  10 

-  9 

-  9 

-  8 

-  6 

-  5 

-  3 

—  2 

0 

270* 

100** 

+  I 

0 

—  2 

~  3 

m 

3 

-  6 

-^  7 

-  8 

-  8 

-  8 

-  8 

-  7  , 

-  7 

-  6 

-  4 

-  3 

—  I 

0 

4-  2 

260'' 

no'* 

3 

-h  I 

0 

—  2 

-  3 

-  4 

—  5 

-  6 

-  6 

-  6 

-  6 

-  5 

-   4 

-  3 

—  2 

—  I 

4-  I 

4-  3 

4 

250** 

120* 

4 

3 

4-  I 

0 

—  I 

—  2 

—  3 

-  3 

—  4 

-  4 

-  3 

-  3 

1 

—  2 

—  I 

0 

4-  I 

3 

5 

6 

240** 

0 
130 

5 

4 

3 

-h  I 

+  I 

0 

• 

—  1 

-  I 

—  I 

—  I 

0 

0 

4-  I 

4-  2 

4 

5 

6 

8 

230" 

140° 

6 

5 

4 

3 

2 

+  2 

+  I 

+  I 

4-  I  1 

4-  I 

4-  2 

4-  2 

4-  3 

4 

5 

6 

7 

3 

9 

220** 

150' 

7 

6 

5 

5 

4 

4 

3 

4 

4 

1 

4 

5 

5 

6 

7 

8 

9 

10 

10 

210° 

160* 

7 

7 

6 

6 

6 

6 

c 

6 

6 

6 

6 

7 

8 

8 

9 

9 

10 

II 

" 

200* 

I70- 

8 

8 

7 

7 

7 

7 

8 

8 

8 

1 

8 

9 

9 

10 

10 

II 

II 

12 

12 

igo' 

i8o' 

8 

8 

8 

8 

8 

9 

9 

9 

10 

10 

10 

II 

II 

II 

II 

12 

12 

12 

12 

180° 

190- 

8 

8 

8 

9 

9 

10 

10 

II 

II 

II 

12 

12 

12 

12 

12 

12 

12 

12 

12 

170' 

200'' 

_ 

8 

9 

9 

10 

II 

II 

12 

12 

13 

13 

13 

13 

13 

13 

13 

12 

12 

II 

160' 

210" 

8 

9 

10 

II 

II 

12 

13 

13 

13 

14 

14 

14 

14 

13 

13 

12 

II 

10 

150' 

220" 

7 

8 

9 

II 

12 

12 

13 

14 

14 

'4 

14 

14 

14 

13 

12 

II 

10 

9 

140** 

230** 

6 

8 

9 

10 

II 

12 

13 

14 

14 

14 

14 

14 

13 

12 

II 

10 

9 

8 

130°  • 

240* 

5 

7 

8 

10 

II 

12 

13 

13 

13 

14 

14 

13 

12 

II 

10 

9 

7 

6 

120° 

250* 

4 

6 

7 

9 

10 

II 

12 

13 

13 

13 

13 

12 

II 

10 

9 

6 

4 

110° 

260** 

4-  I 

3 

5 

6 

8 

9 

10 

II 

II 

11 

II 

II 

10 

9 

8 

7 

4 

4-  2 

100" 

270' 

4-  2 

3 

5 

6 

8 

9 

9 

10 

10 

10 

9 

9 

8 

6 

5 

4-  2 

0 

90° 

280' 

—  I 

0 

-h  2 

3 

5 

6 

7 

8 

81 

8 

8 

7 

7 

6 

4 

3 

4-  I 

0 

—  2 

80° 

290" 

—  3 

—  I 

0 

+  2 

.3 

4 

5 

6 

6 

6 

6 

5 

4 

3 

4-  2 

4-  I 

—  I 

-  3 

-  4 

70' 

300° 

—  4 

-  3 

—  I 

0 

+  I 

+  2 

3 

3 

4 

4 

3 

4-  3 

4-  2 

4-  I 

0 

—  2 

—  3 

-  5 

-  6 

60" 

310* 

—  5 

-  4 

-  3 

—  2 

—  I 

0 

+  I 

4-  I 

4-  I 

4-  I 

4-  I 

0 

0 

—  I 

—  2 

-  4 

—  5 

-  6 

-  8 

50^ 

320° 

—  6 

-  5 

-  4 

-  3 

—  2 

—  2 

—  I 

—  I 

—  I 

—  I 

—  2 

-  3 

-  3 

-  4 

-  5 

-  6 

—  7 

-  8 

-  9 

40^ 

330° 

—  7 

-  6 

-  5 

-  5 

-  4 

-  4 

-  3 

-  3 

-  3 

~  4 

-  4 

-  5 

-  5 

1  -  ^ 

-  7 

-  8 

-  9 

—  10 

—  10 

30^   . 

340° 

1  _.  7 

-  7 

-  6 

-  6 

'  -  6 

-  6 

-  5 

-  6 

-  6 

-6 

-  6 

-  7 

-  8 

-  8 

-  9 

-  9 

—  10 

—  II 

—  II 

20" 

350* 

-  8 

-  8 

-  7 

~  7 

-  7 

-  7 

-  7 

-  8 

-  8 

-  8 

-  8 

-  9 

-  9 

—  10 

—  10 

—  II 

—  II 

—  12 

—  12 

10° 

360* 

-  8 

-  8 

-  8 

-  8 

-  8 

i 

-  9 

-  9 

-  9 

1 

—  10 

—  10 

1 

—  10 

—  II 

—  II 

— 11 

—  II 

—  12 

—  12 

—  12 

—  12 

o** 

1 
360° 

1 

350' 

1  340** 

330' 

320** 

1 

1 

310° 

300** 

290' 

280'' 

270"* 

260° 

250" 

240° 

230** 

220^ 

210"^ 

200° 

1190° 

i8o' 

1 

g 

48 


TABLES  OF  SOLAR  ECLIPSES. 


Table  XXIII. — For  Badius  of  Shadow  on  Fundamental  Plane. 


/=  .0059  —  .0182  cos^  4-  .0004  cos  2g, 


8 


o 

o 
I 

2 

3 
4 

5 
6 

7 
8 

9 
10 


10^ 


,0119 
119 

IIQ 
119 
119 

,0118 
118 
118 

"7 
117 
117 


.0117 
116 

"5 

115 
114 

.0113 
112 
112 
III 
no 
109 


20^ 


30' 


40^ 


350' 


340^ 


,0109 
108 
107 
106 

105 

.0103 
102 
101 
100 
098 
097 


.0097 

95 

94 
92 

90 

.0089 

87 

85 

83 
82 

80 


50^ 


60* 


330 


320"^ 


,0080 
78 
76 
74 
72 

.0070 

67 
65 
63 
61 

59 


-.0059 

—  .0034 

56 

31 

54 

29 

52 

26 

49 

23 

-.0047 

• 

—  .0020 

44 

18 

42 

15 

39 

12 

37 

09 

34 

06 

310 


300 


290' 


70** 

80° 

—  .0006 

1 
.0024 

-  03 

27 

00 

30 

+  03 

33 

05 

36  ; 

-r.0008 

.0039 

II 

42 

I 

46 

17 

49 

20 

52 

1 

24 

1 

55 

280** 

270° 

o 

10 

9 

8 

7 
6 

5 

4 

3 
•2 

I 

O 


g 


- 

s 

90- 

100*' 

1    no*' 

1 
\ 

120' 

1 
1 
130"' 

1 

140° 

150^ 

160°     i 

1 
1 

170- 

1 

0 

1 

• 

1 

1 

• 

1 
1 

1 
•    1 

0 

+  .0055 

+.0087 

-i-.oii8 

+  .0148     +.0175   1 

-H.OI99 

-H.0219 

+  .0233    1 

+  .0242 

10    1 

1 

58 

90 

121 

151         178   1 

201 

220 

23   ! 

243 

9 

2 

61 

93 

124 

154 

180   1 

203 

222 

235 

243 

8 

3 

64 

96 

1      129 

157 

183   1 

205 

224 

236  1 

243 

7    ' 

4 

68 

99 

i      131 

'59 

185   i 

207 

225 

237 

244 

6 

5 

+  .0071 

-f.0103 

1   +.0135 

-f.0162 

1 
-f.oi88   1 

+  .0209 

+  .0226 

1 
-f.0238   , 

■i-.0244 

5 

6 

76 

106 

i      136 

1 

165 

190    ! 

211 

'      228 

239   1 

244 

1 
4    \ 

7 

79 

109 

139 

167 

192    ' 

1 

213 

229 

1 

240  I 

245 

3    1 

1    8 

1       81 

112 

142 

170 

195 

215 

1 

231 

1 

241   i 

245 

2 

9 

1 

84 

"5 

145 

173 

X97 

217 

'     252 

241   1 

245 

I     i 
1 

10 

87 

118 

148 

175 

199 

219 

1     233 

242   j 

245 
180' 

1 
0 

1 

260' 

250" 

1 

1    240" 

• 

230' 

220' 

210° 

200' 

1 

1 
190" 

g 

For  radius  of  penumbra 

add  0.5460. 

TABLES  OF  SOLAR  ECLIPSES. 
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Table  XXIV. — For  Baditis  of  Shadow  on  Fundamental  Plane. 


20" 

30' 

40" 

50° 

/= 
60" 

-ho**.oo 

70^ 

46  cos 

90" 

^0005  c 
lob" 

"OS  (^  H 

vg\ 

120" 

140" 

150° 

g 

0" 

10" 

80" 

no" 

130" 

160" 

170" 

I  do" 

0° 

+41 

+41 

+41 

+42 

+42 

+43 

+43 

+44 

+45 

+46 

+47 

+48 

+48 

+49 

+  50 

+50 

+  51 

1 

+  51 

+  51 

360' 

lO" 

40 

41 

41 

42 

42 

43 

44 

44 

45 

46 

47 

48 

49 

49 

49 

50 

50 

50 

50 

350° 

20" 

39 

39 

39 

40 

41 

42 

42 

43 

44 

45 

46  i 

46 

47 

48 

48 

48 

48 

48 

48 

340" 

30° 

36 

36 

37 

37 

38 

39 

40 

41 

41 

42 

43 

44 

44 

45 

45 

45 

45  1 

45 

44 

330** 

40" 

31 

32 

33 

34 

35 

35 

36 

37 

38 

38 

39 

40 

40 

40 

40 

40 

'  40 

40 

39 

320" 

50^ 

26 

27 

28 

29 

30 

30 

31 

32 

33 

33 

34 

35 

34 

35 

35 

34 

34 

33 

33 

310" 

6o" 

21 

21 

22 

23 

24 

25 

25 

26 

27 

27 

28 

28 

28 

28 

28 

27 

27 

26 

25 

300" 

7o' 

14 

15 

16 

17 

17 

18 

19 

20 

20 

20 

21 

21 

21 

20 

20 

19 

19 

18 

17 

290" 

8o" 

+  7 

8 

9 

10 

10 

TI 

12 

12 

13 

1 
13 

>3 

13 

13 

12 

12 

II 

II 

10 

+  9 

280" 

90" 

a 

+  I 

+  2 

+  3 

+  3 

-H  4 

+  4 

+  5 

+  5 

+  5 

+  5 

+  5 

+  4 

+  4 

+  3 

+  2 

+  2  , 

+  I 

0 

270" 

100" 

-  7 

-  6 

-  5 

-  5 

-  4 

-  4 

-  3 

-  3 

-  3 

-  3 

-  3 

-  4 

-  4 

—  5 

-  5 

-  6 

-  7 

-  8 

-  9 

260" 

no" 

-14 

-13 

—  12 

—  12 

—  11 

—  II 

—  II 

—  II 

—  II 

—  II 

—  II 

—  12 

-13 

-13 

-14 

-15 

-16 

-17 

-17 

250" 

120" 

—21 

—20 

-19 

-19 

-18 

-18 

-18 

-18 

-18 

-19 

-19 

—20 

—21 

—21 

—22 

-23 

-24 

-25 

-25 

240" 

130" 

-26 

-26 

-2S 

-25 

-25 

-25 

-24 

-25 

-25 

-26 

-26 

-27 

-28 

-29 

-30 

-30 

-31 

-32 

-33 

230" 

140" 

-31 

-31 

-30 

-30 

-30 

-30 

-31 

-31 

-31 

-32 

-33 

-34 

-34 

-35 

-36 

-37 

-38 

-38 

-39 

220" 

150" 

-36 

-35 

-35 

-35 

-35 

-35 

-36 

-36 

-37 

-37 

-38 

-39 

-40 

-41 

-42 

-42 

-43 

-44 

-44 

210" 

160" 

-38 

-38 

-38 

-38 

-38 

-39 

-39 

-40 

-41 

—41 

-42 

-43 

-44 

-45 

-46 

-46 

-47 

-48 

-48 

200" 

170° 

-40 

-41 

-40 

-41 

-41 

-41 

-42 

-43 

-43 

-44 

-45 

—46 

-47 

-48 

-49 

-49 

-50 

-50 

-50 

190" 

180" 

-41 

-41 

• 

-41 

-42 

-42 

-43 

-43 

-44 

-45 

-46 

-47 

-48 

-49 

-49 

-50 

-50 

-51 

-51 

-51 

180" 

190" 

-40 

-41 

-41 

-42 

-42 

-43 

-44 

-44 

-45 

-46 

-47 

-48 

-49 

-49 

-50 

-50 

-50 

-50 

-50 

170^ 

200" 

-38 

-39 

-39 

-40 

-41 

-42 

-42 

-43 

-44 

-45 

-46 

-46 

-47 

-47 

-48 

-48 

-48 

1  -48 

1 

-48 

160" 

210" 

-36 

-36 

-37 

-37 

-38 

-39 

-40 

-41 

-41 

-42 

-43 

-44 

-44 

-45 

-45 

-45 

-45 

-45 

-44 

150^ 

220" 

-31 

-32 

-33 

-34 

-34 

-35 

-36 

-37 

-38 

-38 

-39 

-39 

-40 

-40 

-40 

-40 

-40 

-40 

-39 

140" 

230" 

-26 

-27 

-28 

-29 

-30 

—30 

-31 

-32 

-33 

-33 

-34 

-34 

-35 

-35 

-35 

-34 

-34 

-33 

-33 

130** 

240" 

—21 

—21 

—22 

-23 

-24 

-25 

-25 

-26 

-27 

-27 

-28 

-28 

-28 

-28 

-28 

-27 

-27 

-26 

1 

-25 

120" 

250' 

-14 

-15 

-16 

-17 

-17 

-18 

-19 

—20 

—20 

—20 

—21 

—21 

—21 

—  20 

—  20 

-19 

-19 

-18 

-17 

no" 

260" 

-  7 

-  8 

-  9 

—  10 

—  10 

—  II 

—  12 

—  12 

-13 

-13 

-13 

-13 

-13 

—  12 

—  12 

—  II 

—  II 

—  10 

-  9 

100" 

270" 

0 

—  I 

—  2 

-  3 

-  4 

-  4 

-  4 

-  5 

-  5 

-  5 

-  5 

-  5 

-  \ 

-  4 

-  3 

—  2 

—  2 

—  I 

0 

90" 

280" 

+  7 

+  6 

+  5 

+  5 

+  4 

+  4 

+  3 

+  3 

+  3 

+  3 

+  3 

+  4 

+  4 

+  5 

+  5 

+  6 

+  7 

+  8 

+  9 

80" 

290" 

14 

13 

12 

12 

II 

IT 

II 

II 

II 

II 

II 

12 

13 

13 

14 

15 

16 

17 

17 

70° 

300" 

21 

20 

19 

19 

18 

18 

18 

18 

18 

19 

19 

20 

21 

21 

22 

23 

24 

25 

25 

60" 

310" 

26 

26 

25 

25 

25 

25 

25 

25 

25 

26 

26 

27 

28 

29 

30 

30 

31 

32 

33 

50- 

320" 

31 

31 

30 

30 

30 

30 

31 

31 

31 

32 

33 

33 

34 

35 

36 

37 

38 

38 

39 

40" 

330° 

36 

35 

35 

35 

35 

35 

3e 

36 

36 

37 

38 

39 

40 

41 

42 

42 

43 

44 

44 

30^ 

340° 

39 

38 

38 

38 

38 

39 

39 

40 

41 

41 

42 

43 

44 

45 

46 

46 

47 

48 

48 

20" 

350' 

40 

40 

40 

41 

41 

41 

42 

43 

43 

44 

45 

46 

47 

48 

48 

49 

50 

50 

50 

10" 

360" 

+41 

+41 

+41 

+  42 

+42 

+43 

+43 

+  44 

+45 

+46 

+47 

+48 

+48 

+49 

+  50 

+  50 

+  51 

+  51 

+  51 

0" 

g' 

360" 

350° 

340' 

330" 

320" 

310" 

300" 

290" 

280" 

270" 

260" 

250" 

240" 

230° 

220" 

210" 

200" 

190" 

180" 

— • —  - — 

g 

The  algebraic  snm  of  the  numbers  from  Tables  XXIII  and  XXIV  is  the  radius  of  the  shadow-cone  on  the  fundamental  plane.     If  this 
radius  is  negative,  it  indicates  a  total  eclipse ;  if  positive,  an  annular  one. 

To  find  the  radius  of  the  penumbra,  the  sum  of  the  numbers  is  to  be  increased  by  0.5460. 
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TABLES  OF  SOLAR  ECLIPSES. 


Table  XXV. — Angle  of  Shadow  Cone. 


sin/=  0.004653  4-  0.000078  cos^'. 


g 


0 

360 

10 

1 
\ 

350 

20   1 

340 

30 

330 

1 

40 

320 

50 

3«o 

60 

300 

70 

290 

80 

280 

90 

270 

sin/ 

log  sin/ 

0.004731 

7.6750 

.004730 

7.6749 

.004726 

7.6745 

.004720 

7.6739 

.004713 

7.6733 

.004703 

7.6724 

.004692 

7.6714 

. 004680 

7 . 6702 

. 004666 

7.6689 

.004653 

7.6677 

g 


sin  / 


log  sin/ 


90 
100 
no 
120 
130 
140 

150 
160 
170 
180 


o 

270 
260 
250 
240 
230 
220 
210 
200 
190 
180 


0.004653 
.004640 
.004626 
.004614 
.004603 

.004593 

.004586 
.004580 
.004576 

0.004575 


7.6677 

7.6665 
7.6652 
7.6641 
7.6630 
7.6621 
7.6614 
7.6609 
7.6605 
7.6604 


Tablk  XXVI,  Arg.  g'. — Sun^s  Equation  of  the  Centre,  or  Redtiction  from  Mean  to  True  Longitude. 


i 

g-' 

.  0 

Year  0. 

2000. 

• 

g' 

0 

0 

0 

0 

0 

+  0.00  — 

-h  0.00  — 

360 

90 

5 

0.18 

0.17 

355 

95 

10 

0.36 

0.34 

350 

100 

15 

0.53 

0.50 

345 

105 

20 

0.70 

0.67 

340 

no 

25 

0.86 

0.82 

335 

"5 

30 

+  1.02  — 

+  0.97  - 

330 

120 

35 

1.17 

1. 12 

325 

125 

40 

1. 31 

1.25 

320 

130 

45 

1.44 

1.37 

315 

135 

50 

1.56 

1.49 

310 

140 

55 

1.66 

1.59 

305 

145 

60 

-h  1.76  - 

+  1.68  — 

300 

150 

65 

1.84 

1.75 

295 

155 

70 

1.90 

1. 81 

290 

160 

75 

1.95 

1.86 

285 

165 

80 

1.98 

1.89 

• 

280 

170 

•    85 

2.00 

1.90 

275 

175 

90 

-f  2.01  — 

4-  1. 91  — 

270 

180 

Year  0. 

2000. 

• 

g' 

Year  o. 


■+-  2.01 
1.99 
1.97 

1.93 
1.87 
1.80 

-h  1.72 
1.62 

1.52 
1.40 
1.27 

1. 13 
+  0.98 

0.83 

0.67 

0.51 

0.34 
0.17 

4-  0.00 


Year  o. 


2000. 

1 

0 

0 

-H  1. 91  — 

270 

1.89 

265 

1.88 

260 

1.84 

255 

1.79 

250 

1.72 

245 

+  1.64  — 

240 

1.55 

235 

1.45 

230 

1.33 

225 

1. 21 

220 

1.08 

215 

+  0.94  - 

210 

,     0.80 

205 

0.64 

200 

0.49 

195 

0.33 

190 

0.16 

185 

4-  0.00  — 

180  ' 

1 

2000. 

^' 

Table  XXV  gives  the  angle  of  the  shadow  cone  and  its  logarithm. 

Table  XXVI  gives  the  sun's  e<iuation  of  the  centre.    By  applying  this  quantity  to  L,  the  sun's  mean  longitude,  we  obtain  0,  its  true 
longitude. 
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Table  XXVII. — Reduction  from  Qis  Longitude  to  ©'«  Bight  Ascen&ion. 


0 


Yearo. 


2000. 


'   o 

180 

!     1 

1 

181 

2 

182 

3 

183 

4 

184 

5 

185 

6 

1S6 

7 

187 

8 

188 

1 

9 

189 

lO 

190 

!  " 

19. 

12 

1 

192 

'   13 

193 

M 

194 

15 

»95 

i6 

196 

17 

»97 

i8 

198 

19 

199 

20 

200 

21 

201 

•22 

202 

23 

203 

24 

204 

25 

205 

26 

206 

27 

207 

28 

208 

29 

209 

30 

210 

31 

211 

32 

212 

33 

213 

34 

214 

'   35 

215 

36 

216 

37 

217 

38 

218 

39 

219 

40 

220 

41 

221 

.   42 

222 

43 

223 

44 

224 

;   45 

225 

0.00 
0.08 
0.17 
0.25 

0.34 

0.42  4- 
0.50 
0.58 
0.66 

0.75 
0.83   4- 

0.91 

0.99 

1.06 

1. 14 
1. 21    -f 
1.29 
1.36 

1.43 
1.50 

1.57    + 

1.63 

1.70 

1.76 

1.82 

1.88  + 

1.93 

1.99 

2.04 

2.09 

2.14  + 

2.18 

2.22 

2.26 

2.30 

2.33  + 

2.37 

2.40 

2.42 

2.44 

2.46  -H 

2.48 

2.50 

2. -SI 

2.51 

2.52  -t- 


o 

0.00 
0.08 
0.17 
0.25 

0.33 

o.4r  + 
0.49 

0.57 
0.65 

0.73 
0:81  + 

0.89 

0.96 

.04 

.12 

.19  + 
.26 

.33 
.40 

.47 

.53  H- 
.60 

.66 

.72 

.78 

.84  -h 
.89 
.94 

•99 
2.04 

2.09  -I- 

2.13 

2.17 

2.21 

2.25 

2.28  -f 

2.31 

2.34 
2.36 

2.39 
2.41   -f 

2.43 
2.44 

2.45 
2.46 

2.46  -\- 


1 

i 

1 

0 

1 

0 

0 

0 

0 

180 

360 

45 

225 

179 

359 

46 

226 

178 

358 

47 

227 

m 

357 

48 

228 

176 

35^ 

49 

229 

175 

355 

50 

230 

Year  o. 


2000. 


174 

173 
172 

171 
170 

169 
168 
167 
166 
165 
164 
163 
162 
161 
160 

159 

158 

157 
156 

155 
154 
153 
152 

151 
150 

149 

148 

147 
J  46 

145 
144 

143 
142 

141 
140 
139 
138 
137 
136 

135 


354 
353 
352 

351 
350 

349 
348 

347 
346 

345 
344 

343 
342 

341 
340 

339 
338 
337 
336 
335 
334 
333 
332 

33^ 
330 

329 

328 

327 
326 

325 

324 

323 
322 

321 
320 

319 
318 

317 
316 

315 


51 
52 

53 
54 
55 
56 


231 
232 

233 

234 

235 
236 


Yearo. 


2000. 


0 


57 

237 

58 

238 

59 

230 

60 

240 

61 

241 

62 

242 

63 

.  243 

64 

244 

65 

245 

66 

246 

67 

247 

68 

2|8 

69 

249 

70 

250 

71 

251 

72 

252 

73 

253 

74 

254 

75 

255 

76 

256 

77 

257 

78 

258 

79 

259 

80 

260 

81 

261 

82 

262 

83 

263 

84 

264 

85 

265 

86 

266 

87 

267 

88 

268 

89 

269 

90 

270 

2.32  -h 

2.52 
2.52 
2.52 

2.51 

2.50  + 
2.49 

2.47 
2.45 
2.43 

2.40  4- 

2.37 

2.34 

2.31 

2.27 

2.23   4- 

2.19 

2.14 

2.09 

2.04 

1.99  -H 

1.93 
1.87 
i.8r 

1.74 
1.68  + 
1. 61 

1.54 
1.46 

1.39 
1. 31   + 
1.23 

1. 15 
r.07 

0.99 
0.90  -f 
0.81 
0.72 
0.64 

0-55 
0.46  + 

0.37 
0.28 

6.18 

0.09 

0.00 


2.46  -h 

2.47 

2.47 

2.46 

2.46 

2.45  + 

2.43 
2.42 

2.40 

2.38 

2.35  + 

2.32 

2.29 

2.26 

2.22 

2.18  -f 

2.14 

2.09 

2:05 

2.0Q 

.94   -I- 

.89 

.83 

.77 
.70 
.64  4- 

•57 
.50 

.43 
.35 

.28  4- 
.20 
.12 

.04 
0.96 
0.88  4- 
0.79 
0.71 
0.62 
0.53 

0.45     H 
0.36 

0.27 

0.18 

0.09 

0.00 


135 

315 

134 

314 

133 

313 

132 

31? 

131 

3U 

130 

310 

129 

309 

128 

308 

127 

307 

126 

306 

125 

305 

124 

304 

123 

303 

122 

302 

121 

301 

120 

300 

119 

299 

IC8 

298 

"7 

297 

116 

296 

"5 

295 

114 

294 

113 

293 

112 

292 

III 

291 

no 

290 

io<;   , 

289 

108 

f 

288 

107 

287 

106 

286 

105 

285 

104 

284 

103 

283 

102 

282 

lOI 

281 

TOO 

280 

99 

279 

98 

278 

97 

277 

96 

276 

95 

275 

94 

274 

93 

273 

92 

272 

91 

271 

90 

270 

Year  o. 


2000. 


0 


Table  XXVII  gives,  with  argameiit  0,  a  quantity  which,  wlioii  added  to  tlie  equation  of  tlie  centre  (Table  XXVI),  will  Ihj  the  equation  of 
time,  £,  exproaeed  in  degrees  and  hundredthH. 
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Table  XXVIII  — Coefficients  for  Besselian  Co-'ordinates  of  Shadow  Axis. 


0  t 

1 

0 

logo 

logo' 

At  Ascending  Node. 

At  Descending  Node. 

Sun  s 

i  True              fl 

Longitude,    i 

1 

log* 

log  *'       , 

* 

log  6 

log*' 

*' 

1 
0 

1 
0 

360       -  .3981  + 

1 
—9  6000+            9*9625 

9.9440 

+  9.6871- 

+    .4865- 

9.9803 

+9.4909- 

+   .3097- 

180 

e 
180 

1 

359     '         -3980 

9.5999                       25 

40 

9.6871 

.4865 

03 

9.4908 

.3096 

iSf 

179 

2 

358     ]         .3979 

9.5998 

26 

40 

9.6869 

.4863 

04 

9.4906               .3095 

182 

178 

.3 

357 

.3976 

9-5995 

26 

41 

9.6867              .4861 

04 

9.4902      !        .3092 

183 

177 

4 

356 

.3973 

9.5991 

27 

42 

9.6864              .4858 

04 

9.4897              .3088 

184 

176 

5 

355 

—   .3968-h 

-9.5^86+ 

9.9628 

9.9443 

-1-9.6860— 

+   .4853- 

9.9805 

+9.4891  — 

+  .3083- 

185 

175 

6 

354     !         -39^3 

9.5980      *                29 

44 

9.6855 

.4848 

06 

9.4S82              .3078 

186 

174 

7 

353     1         -3956 

9.5973 

30 

46 

9.6850 

.4841 

07 

9.4872              .3071 

187 

173 

8 

352     ,         -3948 

9.5964 

32 

48 

9.6843 

.4834 

08 

9.4861              .3063 

188 

172 

9 

351              -3940 

9.5955 

34 

50 

9.6836 

.4826 

09 

9.4848 

.3054 

189 

171 

10 

350       -   .39304- 

-9.5944+           9.9636 

9  9453 

-h9.6827—  ;   +    .4816- 

9.9811 

+9.4834- 

+   .3044- 

T90 

170 

II 

349 

.3919 

9.5932                       38 

56 

9.6818 

,4806 

13 

9.4818      1        .3032 

191 

169 

12 

348             .3907 

9.5919                      40 

59 

9.6808 

.4795 

U 

9.4800              .3020 

192 

168 

13 

347             -3895 

9.5905       I                43 

62 

9.6797 

.4783 

16 

9.4781              .3007 

193 

167 

14 

346             .3881 

9.5889 

46 

65 

9.6785 

.   .4769 

j8 

9.4760              .2992 

194 

166 

[   15 

345        -   .3866-h 

-9.5873  + 

9.9649 

9.9469 

-1-9.6772-  '   +    .4755- 

9.9820 

+9.4738-      +   .2977— 

195 

165 

16 

344     '         -3850 

9.5855 

52 

73 

9.6758 

.4740 

23 

9.4713              .2960 

196 

164 

1    ^^ 

343             • 3833 

9.5836 

55 

77 

9.6743 

.4724 

25 

9.4688              .2943 

197 

163 

'   18 

1 

'       342     i         .3815 

9.5815 

58 

82 

9.6727       ;          .4706 

28 

9.4660       .       .2924 

198 

162 

1  19 

341              .3796 

9.5795       1    •            62 

87 

9.6710 

.468S 

31 

9.4631              .2904 

199 

161 

20 

340       -   .3776-1-. 

-9.5771  + 

9.9666 

9.9492 

+9.6692—      +    .4669— 

9.9833 

+  9.4599—     +  .2884— 

200 

t6o 

21 

'       339             -3755 

9.5746      1                70 

97 

9.6673 

.4648 

36 

9.4566      1        .2862 

201 

159 

22 

338             .3733 

9.5720 

74 

9.9502 

9.6653       '          .4627 

39 

.      9-4531 

.2839 

202 

158 

1  23 

337             .3710 

9.5693       1                78 

08 

9.6632 

.4605 

43 

9.4494               .2815 

203 

157 

;   24 

336             .3685 

9  5665 

83 

14 

9.6610       ;          .4582 

46 

9.4455 

.2790 

204 

156 

25 

335        -   .3660  + 

-9.5635+  '         9.9688 

9.9520 

+9.6587- 

+    .4557- 

9.9849 

+9.4414-  '   +    .2763— 

205 

155 

26 

334              -3^34 

9.5604       1                92 

26 

9.6563       '          .4532 

53 

9.4371                .2736 

206 

154 

\  27 

333             . 3606 

9.5571       1                97 

32 

9.6538 

.4506 

56 

9.4326               .2707 

207 

153 

,   28 

332             .3578 

9.5537               9.9702 

39 

9.6511        1          .4478 

60 

1 

9.4278               .2678 

208 

152 

29 

331              -3549 

9.5501       1                08 

46 

9.6483 

.4450 

64 

9.4228               .2647 

209 

151 

30 

330       —   .3518  + 

—9.5463+           9.9713 

99553 

+  9.6455- 

+    .4420— 

9.9868 

+  9.4176—  !  +   .2616— 

210 

150 

'  \  31 

329             .3486 

9.5-124       ,                 19 

60 

9.6425 

.4390 

72 

9. 4121      1        .2583 

211 

149 

32 

328             .3454 

9.5383      '                24 

67 

9.6393 

.4358 

76 

9.4064              .2549 

212 

148 

33 

327             .3410 

9.5341                       30 

75 

9.6361 

.4326 

80 

9.4004                .25J4 

213 

147 

!    34 

326     i         .3385 

9.5296                       36 

1 

82 

9.6327 

.4292 

84 

9.3941                .2478 

214 

146 

35 

325 

-   .3349+ 

-9.5250-h           99742 

9.9590 

+  9.6292  — 

+    .4258- 

9.9888 

+9.3876- 

+   .2441- 

215 

145 

36 

324     1         -3313 

9.5202                       48 

98 

9.6258 

.4222 

92 

9.3808       1         .2403 

216 

144 

37 

323 

1        .3275 

9.5153                       54 

9.9606 

9.6218 

.4186 

96 

9  3736                .2364 

217 

143 

38 

322     1         .3236 

9.5100                      60 

M 

9.6178 

.4148 

9.9901 

9.3662                .2324 

218 

142 

39 

321 

.3196 

9.5046                      66 

22 

9.6138 

.4109 

05 

9.3584                ,2282 

219 

141 

40 

320 

-   .3155  + 

-9.4990-f  !         9.9772 

9.9631 

+  9.6095  — 

+    .4070- 

9.9909 

+  9.3502  — 

+  .2240— 

220 

140 

,    ^' 

319 

.3113 

9.4931                       79 

39 

9.6052 

.4029 

14 

9.3417 

.2196 

221 

139 

I   42 

318 

.3069 

9.4871                       85 

48 

9.6006 

.3987 

18 

9.3328 

.2152 

222 

138 

43 

317 

.3025 

9.4808       ^                92 

57 

9.5960 

.3944 

23 

9.3232                .2106 

223 

137 

!  ^4 

316 

.2980 

9.4742 

98 

65 

9.59" 

.3900 

27 

9.313S                .2060 

224 

136 

45 

315 

-  .2934+ 

-9.4674-1- 

9.9805 

9.9674 
log* 

+9.5861  — 

+    .3855- 
*' 

9.9931 

1 

+  9.3037- 

+   .2012— 

225 

135 

log*' 

log* 

log*' 

*' 

Sun's 

True 

a 

log  a               log  a 

—       -  — - 

• 

Long 

k  Aa«  ^M  ^k 

iiuae. 

At  Descending  Node. 

At 

Ascending  Node. 

r 

fable  XXVIII  gives  the  coefficients  by  which  to 

express  the  co-ordinates,  Xi  and  yi,  of  t 

he  shadow  a: 

us  on  the  fundamental  pli 

me.    T 

hese 

corrc 

tspond  to  the  co-ordinates  x  and  y  of  the  Besselia 
laving  been  obtained  from  Tables  XVIII  to  XX, 

n  theory  of  eclipses  and  of  the  America 
xi  =  a  y%  -1-  6  x'i  U 

and  fl^'s  from  Tables  XXI  and  XXII. 

kii  Ephenieris. 

The  expressions  are : — 

TABLES  OF  SOLAR  ECLIPSES. 
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Table  XXVIII. — Coefficients  for  Besselian  Co-ordinates  of  Shadow  Axis — Continued 


0 
Sun's  True 

Longitude. 


45 
46 

47 

48 

49 
50 

51 

52 
53 
54 
55 
56 

57 
58 

59 
6u 

61 

62 

63 
64 

65 
66 

67 
68 

69 
70 

71 
72 

73 
74 
75 
76 
77 
78 

79 
80 

81 

82 

83 
84 

85 
86 

87 
88 

89 
90 


315 

3M 

313 
312 

3" 
310 

309 
308 

307 
306 

305 
304 
303 
302 

301 
300 

299 
298 

297 

296 

295 
294 

293 
292 

291 
290 
289 
288 
287 
286 
285 
284 
2S3 
282 
281 
280 
279 
278 
277 
276 

275 
274 

273 
272 
27c 
270 


2934+ 
2886 

2838 

2789 
2738 
2687 -h 

2634 
2581 

2527 
2472 

2415  + 

2358 

2300 

2241 

2181 

2120+ 

2059 

1996 

1933 
1869 

1804+ 

1738 
1672 
1605 

1537 
1468+ 

1399 
1329 

1259 
1 188 

Iii6-h 

1044 

0971 

0898 

0825 

075 IH- 
0677 

0603 

0528 

0453 
0378  + 

0303 

0227 

0151 

0076 

0000 -h 


\oga 


■9.46744- 
9.4604 

9-4530 

9-4454 

9.4375 
9.4292+ 

9.4207 
9.4118 
9.4026 
9.3930 
•9-3830+ 
9.3726 
9.3618 
9.3505 

9.3387 
•9.3264  + 

9.3136 
9.3002 

9.2862 

9.2716 

■9.2562+ 

9.2401 

9.2232 

9.2054 

9.1866 

■9.1668  + 

9.1458 
9.1236 
9.0999 

9.0747 
■9.0477+ 

9.0187 

8.9874 

8.9535 
8.9165 
•8.8759+ 
8.8307 
8.7802 
8.7228 
8.6563 

•8.5775  + 
8.4809 

8 . 3562 
8.1804 

7.8797 
-  00  + 


log  a 


log  a' 


9.9805 
II 
18 
24 
31 

9.9837 
44 
50 
57 

63 
9.9869 

76 
82 
88 
.9894 
9.9900 
06 
12 

17 
23 

9.9928 

33 
38 
43 
48 

9.9953 

57 
61 

65 
69 

9.9973 
76 
80 

83 

85 

9.9988 

90 
92 

94 
96 

9.9997 

98 

99 

99 
0.0000 

0.0000 


log  a' 


At  Ascending  Node. 


At  Descending  Node. 


log^ 


9.9674 

83 

92 
9.9701 

10 
9.9719 

28 

37 
46 

55 
9.9764 

73 
82 

91 

99 
9.9808 

17 
26 

34 

43 
9.9851 

59 
67 

75 
82 

9.9890 

98 

9.9905 
12 

19 

9.9925 

32 

38 

45 

50 

9.9956 

62 

67 
72 

77 
9.9981 

85 
89 
93 
97 
0.0000 


log^' 


+9 
9 
9 
9 
9 

+  9 
9 
9 
9 
9 

+9 
9 
9 
9 
9 

+  9 
9 
9 
9 
9 

+9 
9 
9 
9 
9 

+9 
9 
9 
9 
9 

-H9 
9 
9 
9 
9 

+9 
9 
9 
9 
9 

+9 
9 
9 
9 

9 

+  8 


5861- 
5809 

5755 

5699 

5641 

5581- 

5520 

5456 

5390 
5322 

5252- 

5179 
5103 

5025 

4944 
4861- 

4774 
4685 

459' 
4496 

4397- 

4293 
4187 

4076 

3961 

3840- 

3717 
3588 

3454 

3314 
3168- 

3016 

2858 

2692 

2519 

2337" 
2146 

1946 

1735 

1512 

1276- 

1025 

0758 

0474 
0169 

9841- 


\ogb 


log  3' 


log^' 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


3855- 

3809 

3762 

3714 
3665 

3615- 

3564 

3512 

3459 
3406 

3351- 

3295 

3238 

3181 

3122 

3063- 

3002 

2941 

2879 
2816 

2752- 

26S8 

2622 

2556 

2489 

2422- 

2353 
2285 

2215 

2145 

2074- 

2003 

1931 
1859 
1786 

1713- 
1639 

1565 
1491 
1416 

134I" 
1266 

1191 
1115 
1040 
0964- 


9.9931 
36 
40 

44 
43 

9.9952 

56 
61 

65 
68 

9.9972 

76 
80 

83 

87 

9.9990 

93 
96 

99 
0.0002 

0.0004 
07 

09 
II 

13 
0.0014 

16 

17 
18 

19 
0.0019 

20 

20 

20 

20 

0.0019 

18 

17 
16 

14 
0.0013 

II 

08 

06 

03 
0.0000 


I 


b' 


log* 


+9.3037- 
9.2930 

9.2819 

9.2702 

9.2580 

+9.2452- 

9.2317 
9.2175 

9.2026 

9.1869 

+9.1703  — 

9.1528 

9.1342 

9.1145 

9.0936 

+9.0713- 

9-0475 
9.0219 

8.9944 

8.9647 

+8.9324- 

8.8970 

8.8581 

8.8150 

8.7666 

+8.7115- 
8.6478 

8.5724 

8.4804 

8.3627 

+8.1992— 

7.9313 
+  7.0828— 

-7.7889+ 
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1963 
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228 
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239 
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"7 
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"3 
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III 
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no 

251 

109 

252 
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253 

107 

254 
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255 
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256 

104 

257 

103 

258 

102 

259 

lOI 

260 

100 

261 

99 

262 

98 

263 

97 

264 

96 

265 

95 

266 

94 

267 

93 

268 

92 

269 

91 

270 

90 

b' 


At  Descending  Node. 


At  Ascending  Node. 


Sun's  True 

Longitude. 

0 


When  the  argnment  0  is  found  on  the  right,  the  headings  of  the  columns  are  to  be  sought  at  the  bottom  of  the  page. 
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Table  XXIX. — Sun^s  Declination,  etc. 
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As  an  example  of  the  ase  of  the  Tables,  we  shall  examine  what  eclipses  of  the  sun  were  visible  daring 
the  year  B.  C.  584.  From  Table  I,  we  find  the  argument  of  Table  II  to  be  7^.772.  From  Table  II,  the 
times  of  coi^junction  of  the  mean  sun  with  the  node  are  found  to  be  I44<*.8  for  ascending  and  318**.  i  for 
descending  node.  The  yalues  of  D  show  that  there  were  two  central  eclipses,  of  which  the  second  was 
central  only  in  the  southern  hemisphere.  We  therefore  consider  only  the  first  one,  which  is  the  celebrated 
eclipse  of  Thales; 


Table  V,  c.  p.  4, 
Table  VII,  -  5i2y. 


44oy  -h  234**.6227 
I44y  —    86<*.58i6 


Arguments  for  date,  - 

-  584" 

-h 

148^0411 

Table  VIII. 

-h 

«J.0786 

Table  IX. 

— 

<*.ooi5 

Table  X. 

— 

<*.OOIO 

Table  XI. 

-H 

*.ooi6 

Table  XII. 

+ 

'*.OOI2 

148^.1200 

Red.  for  calendar, 

0^.00 

Ho,  True  conj.,  May  28, 

Ti  in  arc, 
-E. 


Hi  at  conj.. 

By  Table  XXVIII  :— 

xi  =  —  .0624  -f  .5550' 
^  =  +  .2832  -h  .1796/ 


2**  52™.8 

43°.20 

-^-2^28 

45^48 


g  s!  "L 

-  35^.27       264^52        I45^93 
-+-  23°.29  -    83^99  -    86^42 


u 


Table  III, 

^mm 

Asc. 
600,   27.6 

Desc. 

+ 

16.     1.5 
144.8 

29.1 
318. 1 

Multiple, 

J73.9 
177.2 

347.2 
354.4 

D. 

-  3.3 

-  7.2 

P. 

T, 

Year  of 
eclipse. 

7± 
+  126  ± 
central 

-  458  ± 

18 
18 

y\ 

x\ 

-  o^294    Table  XVIII.  -     .004     Table  XXI,  .5798 

+  3'.673    Table  XIX,  o     Table  XXII,  -f    .0008 


-  ir.98  +  I8o^53  -f    59".5i 
Table  XXVI.  -        ^02  Table  XV, 


-+-3^379    "^^^^^  ^^»        +0.294 


.077 


>'  2  =  H-  0.290 


jr'2=   •0.5806 


0=    59°.49  Table  XVI.    -    °.020    Table  XXIII,  -  0.0115   Table  XXV. 
Table  XXVII,        -      2\26  Table XVII.   -    ^oo2    Table  XXIV.   -  41  sin/=     .004575 

log         7.6604 


Eq.  Cent.  =  E,    —      2°.28 


«i  =  +  3  .434 


/'=-     .0156 


TriUik  of  Central  Eclipse. 


l^35 

i»»40 

I  Ms 

i**.50 

1^57 

1^59 
i^59'8 


-f.  .6868 
.7146 

.7423 
.7701 
.7978 
.8089 
.8200 
.8211 


+  .5270 
.5360 

.5450 
.5540 

.5631 
.5668 

.5704 
.5708 


H 
67^4 

7I^8 

76^7 
82°.4 
89°.8 

93°.5 
I0o^6 

I03'.6 


H, 

65^8 

66'.5 

67^3 
68°.o 

68^8 

69%! 

69^.4 

69.^*4 


Long. 
I^6  E. 

5^3 

9^4 
I4^4 

2I^o 

24\4 
30^6 

34^2 


Lat. 
+  4i°.i 

4I^3 
40^8 

39'.i 

37^2 

36°.o 
33^6 

32^5 


The  last  point  of  the  shadow-path  is  between  4°  and  6^  south  of  the  region  within  which  the  celebrated  battle  must  have  been  fought, 
which  was  supposed  to  have  been  stopped  by  this  eclipse.  This  large  deviation  is  due  to  the  corrections  which  have  been  api>lied  to  Hansen's 
mean  longitude  of  the  moon.     If  these  corrections  are  well  founded,  the  sun  set  upon  the  combatants  about  nine  tenths  eclipsed. 
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TRANSFORMATION  OF  HANSEN'S  LUNAR  THEORY. 


The  numerical  computation  of  the  inequalities  in  the  moon's  motion  executed  by 
Hansen  was  probably  the  greatest  step  taken  in  recent  times  toward  placing  the  the- 
ory of  the  lunar  perturbations  on  an  accurate  numerical  basis.  It  was  the  step  which 
first  rendered  it  certain  that  any  discrepancy  between  the  tlieoretical  and  observed 
values  of  the  inequalities  produced  by  the  sun  arose  from  some  other  cause  than  errors 
in  theory.  The  theoretical  values  to  which  it  led  must  be  considered  the  most  accu- 
rate which  astronomy  now  possesses. 

The  only  theory  which  can  compete  with  Hansen's  is  that  of  Delaunay.  Here 
the  coefficients  are  developed  in  series  converging  so  slowly  that  some  of  the  results 
are  still  a  little  doubtful,  notwithstanding  the  great  extent  to  which  the  approx- 
imation was  carried.  It  may  be  expected  that  the  numerical  theory  on  which  Sir 
George  Airy  is  now  engaged  will  form  yet  another  step  in  advance,  in  which  nothing 
will  be  wanting  for  the  purposes  of  accurate  astronomy,  so  that  three  theories  of  the 
highest  order  of  accuracy  will  ultimately  be  available  for  the  construction  of  lunar 
•  tables.  The  work  in  question  being  still  unfinished,  the  results  of  Hansen  and  Delau- 
nay are  the  only  ones  now  available. 

Unfortunately,  the  theory  of  Hansen  cannot  be  directly  compared  with  those 
which  have  preceded  it,  owing  to  the  peculiar  form  of  the  variables  in  which  the 
co-ordinates  of  the  moon  are  expressed.  In  saying  this,  I  do  not  contest  the  propo- 
sition that  this  form  has  advantages.  But,  apart  from  the  question  of  its  merits  in 
foiTO,  it  becomes  important  to  have  the  means  of  making  a  direct  comparison  of  Han- 
sen's theory  with  that  of  his  predecessors  and  colaborers,  who  have  expressed  the 
co-ordinates  of  the  moon  directly  in  terms  of  the  time.  This  has  twice  been  partially 
done:  by  the  writer  in  the  Comptes  Bendm  for  1868,  I  (Tome  LXVI,  p.  1 197),  and, 
independently,  by  Schjellerup,  in  a  paper  published  in  1874  by  the  Danish  Academy 
of  Sciences.  Both  depend  on  data  for  the  transformation  given  by  Hansen  himself, 
which,  though  they  may  be  accurate  enough  to  give  an  idea  of  the  agreement  between 
the  theories  of  Hansen  and  Delaunay,  cannot  be  regarded  as  sufficiently  precise  for  a 
satisfactory  transformed  theory.  The  object  of  the  present  paper  is  to  make  a  trans- 
formation which  shall  faithfully  represent  Hansen's  latest  theory,  and  be  expressed  in 
arguments  depending  directly  on  the  time. 


6o  TRANSFORMATION  OF  HANSEN'S  LUNAR  THEORY. 


§    I. 
EXPEBSSION  OF  THE  MOON'S  LONGITUDE. 

In  Hansen's  theory  the  moon's  longitude  is  represented  in  the  following  form. 
Put 

ffy  the  moon's  mean  anomaly^- 

g'y  the  sun's  mean  anomaly ; 

o),  the  distance  from  the  node  to  the  perigee ; 

co\  the  distance  from  the  node  to  the  solar  perigee ; 

;r,  the  longitude  of  the  perigee ; 

Cy  the  eccentricity  of  the  moon's  orbit,  as  used  by  Hansen  ; 
nSzj  the  Hansenian  perturbations  of  mean  anomaly; 

Sj  the  Hansenian  perturbations  of  latitude ; 

I,  the  inclination  of  the  moon's  orbit. 

Then  put,  as  auxiliary  quantities, 

/=  elta  (e^g  +  nSz),  the  true  anomaly ; 
R  z=  —  tan^  - 1  sin  2  (/+  «>)  +  -  tan*  - 1  sin  4  (/+  co)  —  etc., 
the  reduction  to  the  ecliptic ; 


K=-s 


tan  I  cos  (/+  go) 


I  —  sin''  I  sin^  (/+  ^) 

—  o'^397  sin  2  o) 

—  i^'.igS  sin  (25^^-1-  2  co') 

—  o'^285  sin  (2^  —  4/  +  2  o)  —  4  a>^), 

the  inequalities  of  this  reduction. 
Then,  for  the  moon's  longitude^ 

L  =/+  ;r  +  R  +  R/. 

The  latitude,  /8,  is  given  by  the  equation 

sin  >ff  z=  sin  I  sin  (/+  co)  +  s. 

In  presenting  Hansen's  resuhs  in  the  form  of  a  complete  and  exact  numerical 
theory,  several  precautions  have  to  be  taken.  In  the  first  place,  all  the  results  must, 
so  far  as  possible,  depend  upon  or  be  reduced  to  one  and  the  same  homogeneous  set 
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of  elements.  In  the  next  place,  those  inequalities  which  express  the  solution  of  the 
problem  of  three  bodies,  considered  as  material  points,  must  be  separated  from  ine- 
qualities arising  from  other  sources,  such,  for  instance,  as  the  distance  between  the 
moon's  centres  of  gravity  and  figure,  and  the  eUipticity  of  the  earth. 

Three  values  of  the  eccentricity  appear  in  Hanskn's  theory  and  tables : 
(i)  A  provisional  or  ideal  eccentricity,  with  which  the  inequalities  were  origi- 
nally computed. 

(2)  An  apparent  eccentricity,  which  he  found  to  represent  the  observed  motion  of 
the  moon's  centre  of  figure,  and  used  in  his  tables. 

(3)  A  theoretical  eccentricity  of  the  true  orbit  described  by  the  moon's  centre  of 
gravity. 

These  three  values  of  the  element  are : — 

(i)     e  =  , 05490079 

(2)  e  =,  .05490807 

(3)  e  =  .05489959 

•  ^ 

According  to  Hansen's  view  it  is  the  third  value  which  should  be  used  in  com- 
puting the  moon's  perturbations ;  but  as  he  actually  used  the  first  value,  it  is  the  one 
which  we  should  employ  in  the  transformation. 

In  the  case  of  the  inclination  there  are  three  corresponding  values,  with  an  addi- 
tional complication  arising  from  the  question  whether  we  shall  add  to  the  inclination 
a  term  in  the  perturbations,  2^^  705  sin  (g  -f  ^)>  having  the  mean  argument  of  latitude 
as  its  argument 

Omitting  this  term,  the  values  of  the  inclination  will  be : — 

(i)     1  =  5°  8'  48'' 

(2)  1  =  5^8'  43".66 

(3)  1  =  5°  8'  39^96 

Here,  again,  it  is  only  the  firat  value  with  which  we  are  concerned  in  the  transforma- 
tion, because  it  is  the  one  employed  by  Hansen  in  computing  the  perturbations. 

The  Hansenian  perturbation  nSz  is  an  explicit  function  of  ^,  g'y  co  and  co'.  So 
far  as  the  longitude  is  co^icerned,  our  present  problem  is  to  express  /,  R  and  R^,  and 
thence  L,  as  explicit  functions  of  the  above  four  quantities.     If  we  put : — 

z  =.  g  -{-  ndz 

Cij  62,  e^y  etc.,  the  coefficients  of  sin  ^,  sin  2^,  etc.  in  the  development 

of  elta  (e,  z)j  we  shall  have, 

/z=  js  -f  61  sin  ^  +  C2  sin  2^  -f  etc. 
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If,  then,  we  put  ^  +  ncJ^  for  e,  develop  in  powers  of  ndz,  call  {e^g\  the  part  of  /in- 
dependent of  n6z^  and  (e,  g)i  the  coeflScient  of  {nSzy  in/,  we  shall  have, 

(e,  ^)o  =  ^  +  ^  sin  ^  +  e2  sin  2g  +  e^  sin  3^  +  e^  sin  4^  +  etc. 
{e,g\  =  I  +  61  cos  ^  +  2e2  cos  2^  +  3^3  cos  3^  +  etc. 

(e, ^)2  =  —  - Cjsin^  — -  62 sin  2^  —  —eg  sin  3^  —  etc. 

(e,  ^)3  =  —  —  ^1  cos  ^  —  —  62  cos  2^  —  ^  63  cos  3^  —  etc. 

(e,  ^)4  =  ^;^  ei  sin  ^  +  etc. 

etc.  etc. 

The  coefficients  e^  62,  etc.,  are  dependent  on  the  eccentricity.     The  well-known  ana- 
lytical values,  and  the  numerical  values  obtained  by  putting  e  =.  .05490079,  are : 

eiz=:2e      — T^    "'"06^'*    =.10976024  z=  22639''.676 

62=  .e"     —  ^-^e*  +  — -  e«  =  .00376346  =  776".269 
4  24  192 

^  =  li^    -^^  =.00017893=    36^.907 

103   4       451    .  „ 

e^=  -^e  —^  e^  =  .00000972  =      2'^oo5 

^*~  060"  =.00000057=      o  .1x8 

1223 
960 

The  value  of  w(5^  is  taken,  not  from  Hansen's  tables,  but  from  his  revised  results 
given  in  the  Darlegung*.  They  are  found  in  Part  I,  pp.  409-411,  and  Part  II,  pp. 
224,  242,  258,  and  268,  and,  for  convenience  of  reference,  are  all  collected  in  Table 
I  of  the  present  paper.  In  this  table  are  given  also  the  powers  of  n8z^  the  computa- 
tions of  which  were  all  made  in  duplicate,  that  of  the  square  being  executed  by  two 
independent  computers. 

We  thus  have  all  the  data  for  the  numerical  value  of  /,  the  formula  for  which  is, 

/=  {e,  g)o  -f-  (e,  g)i  nSz  +  (e,  ^7)2  {nS^y  +  etc.  (i) 

Consider  next  the  first  term  of  R,  which  we  may  call  Ri.     We  have 

Ri  =  —  tan^  -  I  sin  (2 /+  2  a>), 
which  is  also  to  be  developed  in  powers  of  nSz. 

"*  Under  this  title  reference  is  made  to  Hansen's  two  papers,  Darlegung  der  theareiiscken  Berechnung  der  in  den  Mondt4i- 
feln  angewandten  SWrungen,  in  the  Abh^indlungen  der  k&niglichsdchHadien  GescUschaft  der  Wiseenschaften,    Band  IXf  XL 


Cq  =  -rzz  e^  =  .00000004  =      o''.oo7 
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If  we  substitute  for  /  its  value  in  terms  of  e  and  z,  and  develop  in  powers  of  e, 
we  find  * : — 


Ri  =  — tan'llX  ' 

2 


24 


e*      sin  (—2^  +  2  o>) 


H c*     sin  (—    z  -\-200) 

12  \  I        / 

H-de'  +  leMsin  2a> 
+  (  —  2c  +  -c»  )  sin  (       £f  +  2<») 
+  (i  — 4e='4-^e*)  8in(     2Z  +  200) 


+ 


^2e-^e»J8i 


sin  (     3  ^  +  2  G)) 


+  (f  ^-^'0''''^     4^  +  2«') 

-f-  59  g3      gjjj  ^     5  £r  +  2  G)) 
12 

A ^  6*      sin  (     6  ;8f  +  2  G)) 

16  ^ 

• 

If,  in  this  equation,  we  substitute  for  e  and  I  their  numerical  values  and  then 
differentiate  with  respect  to  ^,  so  as  to  obtain  the  coefficients  of  the  powers  of  n6z, 
putting 


Ri  =  Ri,o  +  Ri,i  wcJiSf  +  Ri  2  (nSjsy  +  etc.. 


we  have 


Ri,o  =  —  o''.oo6  sin  (—  ^  +  2  g)) 

—  o''.942  sin  (  2  G)) 
+  45''.627sin(    g+2G)) 

—  41 1''.626  sin  (  2  ^  +  2  ») 

—  45^281  sin(  3^+2G)) 

—  4''.040  sin  (  4  ^  +  2  G>) 

—  o''.338  sin  (  5  ^  +  2  oi) 

—  o".o2y  sin  (  6  ^  +  2  G>) 

Rl^l  =  +   000  221,2  cos  (      ^+  2  G)) 

—  .003  991,2  cos  (2^+  2  G)) 

—  .cxx)  658,6  cos  {39  +  200) 

—  .CXX)  078,3  COS  (  4^  +  2  G)) 

—  .CXX)  008,2  COS  (  5  ^  +  2  G>) 

—  .000  000,8  COS  (  6^  +  2  G>) 


*  Tables  of  this  And  the  other  developments  in  the  elliptic  motion  have  been  given  by  Professor  Cayley  in  the 
Memoin  of  the  Boyal  J$tiranomietU  Society ,  Vol.  XXIX,  but  the  above  development  was  executed  independently  before 
the  applicability  of  Professor  Catley's  formula  was  remarked. 
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Ri^2  =  —  .0001 1  sin  (  ^  +  2  Ol) 
+  -00399  sin  (  2  ^  +  2  G>) 
+  .00099  sin  (  3  ^  4-  2  a>) 
+  .00016  sin  (  4^  +  2  «>) 

Ri 3  =  +  .0027  cos  (2^+20)) 
+  .0010  cos  (  3  ^  +  2  oi) 

In  the  same  way,  putting 

R2  =  -  tan*  -  I  sin  (4  /  +  4  a>) 

we  have  by  substituting  for/  its  vahie  in  ^,  and  developing  in  powers  of  c, 

sin  (4/+  4  fi>)  =  —  e^  sin  (2  £f  +  4  G)) 

—    4  e     sin  (3  i^  +  4  a>) 

+  (i  —  i6^)  sin  (4  ^  +  4  o)) 

+    46    sin  (5  ^  +  4  a>) 


2 1 
"I e^  sin  (6  ^  +  4  G)) 


Putting  as  before, 


R2  =  Ro^o  +  ^2,1  wtf-8^  +  R2,2  {ndzf  +  etc.. 


we  find  by  substituting  the  numerical  values  of  I  and  e 

R8.0  =  +  o^'.oo;  sin  (2/7  +  40?) 
—  o'^092  sin  (3  ^  +  4  G>) 
+  o''.400  sin  (4  ^  +  4  G>) 
+  o".092  sin  (5^  +  40)) 
+  o''.oi3  sin  (6^  +  40?) 

R^,!  =  —  .000  001,3  cos  (3  ^  +  4  «>) 
+  .000  007,8  cos  (4  /7  +  4  G>) 
+  .000  002,2  cos  (5  ^  +  4  G>) 

The  terms  of  R2,2  {ndzf  are  less  than  o^'.ooi. 

The  coefficient  of  —  5  tan  I  in  R'  is,  with  sufficient  accuracy, 

cos  (/+  «>)  [i  +  sin^  I  sin^  (/+  cd)] 
or 

(I  +  -  sin^  I  )  cos  (/+  00)  —  -  sin*  I  cos  (3/+  3  00). 
4  /  4 
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By  the  developments  of  the  elliptic  motion  we  have, 

cos  (/+  G?)  ZZ &   cos  (—  2Z  A-  CO) 

12  ^ 

—  g^'cOS  (— ^+G?) 

—  e   cos  GO 

+  ( I  —^)   CO^  {Z  +  G?) 

+  (6  —  ^  e^)  cos  {2z-\-  co) 
4 

+  I  ^  cos  (3  ^  +  G?) 
+  -  e^  COS  (4  ^  +  ^) 


»)  = 

^  e"  cos  (^  +  3  oj) 

—  36  cos  (2^  +  3®) 

+  (1 

—  9  e^)  cos  (3  -?  +  3  <») 

+  3  e  cos  (4  ^  +  3  oj) 

+  ^  e"  COS  (5  ^  +  3  G?) 

If  we  represent  by  S  the  coefficient  of  s  in  R',  that  is, 

S  =z  —  tan  I  cos  (/+  g>)  { i  +  sin^  I  sin^  (/+  go)  |, 
and  suppose 

S  =  So  +  Sl«(J^  +  S2(^(5^)^ 
we  shall  have, 

So  =  +  .0(X)034  cos  (—  ^  +  ®) 

+  .004955   cos  GO 

—  .089978  cos  (     ^  +  G?) 

—  .004936  COS  (2  ^r  +  G?) 

—  .000306  cos  (3  ^  +  G>) 

—  .000020  cos  (4/7  +  G>) 

—  .000030  COS  (2  /7  +  3  G)) 

+  .000176  COS  {zg'\'ZGo) 
+  .000030  COS  (4  5^  +  3  Gj) 
+  .000004  COS  (5  5^  +  3  G>) 

Si  zz  +  .0900  sin  (  g  '\'  co) 
+  .0099  sin  (2  /7  +  G)) 
+  .0009  sin  (3ff  +  ^) 

^  S2  zz  +  .045  cos  (    g  +  go) 
+  .010  cos  (2  5r  + G)) 

Multiplying  these  several  expressions  by  Hansen's  5,  we  find  the  value  of  s  So,  etc., 
given  in  Table  II. 
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Collecting  all  the  coefficients  of  the  powers  of  w  dz^  we  find  the  following  expres- 
sions for  the  moon's  true  ecliptic  longitude,  as  a  function  of  n6z: — 

L  =  Lo  +  Li  ncJ-j  +  Lj  (w  dzf  +  etc. 
Terms  independent  of  nSz. 


+  ■ 

22639''.676  sin     ff 

+ 

7 76^'. 269  sin  2g 

+ 

36^907  sin  3// 

+ 

2''.oo5  sin  4<7 

+ 

0''.  118  sin  $g 

+ 

0^.007  sin  6g 

— 

o''.oo6  sin  {—g+2co) 

— 

0^.942  )  . 

>  sm  2  CO 

— — 

0  .397) 

+ 

45^627  sin  (   g+2co) 

41 1 ".626  sin  (2,9+2  go) 

— 

45^281  sin  (3i/+2a>) 

— 

4''.o4o  sin  (45^  +  2  a>) 

— 

0^338  sin  (5.9+2  Gj) 

+ 

0^^027  sin  (6^+20?) 
o''.oo7  sin  {2g  +j.  co) 

• 

— 

o".092  sin  (39  +  4^) 

+ 

o''.400  sin  (4g  +  400) 

+ 

0^092  sin  (55r  +  4a>) 

+ 

o".oi3  sin  (6g  +  4a)) 
i''.i98  sin  (2.9^+2  0)') 

— 

o".285  sin  (2g  —  4^+  20?- 

-4c) 

+  5  So. 

Coefficient  of  nSz. 

[Tlie  comma  points  off  Aix  places  of  decimals.  J 

+  .109760,2  cos  g 

+  .007526,9  cos  2g 

+  .000536,8  cos  sg 

+  .000038,9  cos  4g 

+  .000002,8  cos  5^ 

+  .000221,2  cos  (  g  -{-  2  co) 

—  .003991,2  cos  (2^  +  20?) 

—  .000658,6  cos  (35^+  2  co) 

—  .000078,3  cos  (45^+  20?) 

—  .000008,2  cos  (5.9  +  2  co) 

—  .000000,8  cos  (6^  +  2C0) 


L,=  - 
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—  .cx)cxx>i,3  cos  (35^  +  4 G>) 
+  .000007,8  COS  (4^  +  4  ^) 
+    .000002,2  cos  (55^  +  4  G>) 

05488  sin  g 
00753  siu  2g 
00080  sin  3.^ 
00008  sin  4^ 

0001 1  sin  (  g  -{-  2  co) 
+  .00399  sin  (2^  +  2  co) 
+  .00099  sin  (3  ^  +  2  co) 
+    .00016  sin  (4^  +20?) 

+  SS2 
Lazz  —    .0183  cos     g 

—     .0050  cos  2  ^ 

—  .0008  COS  3  g 

+    .0027  cos  (2^  +  2  a>) 
+    .0010  cos  isg  -{-  200) 

The  several  parts  of  tliis  expression  for  L  are  given  in  Table  II,  omitting  the  fol- 
lowing terms,  which  are,  however,  all  included  in  the  column  giving  the  concluded 
coefficients  in  L : — 

1.  The  terms  of  Lo,  explicitly  given  in  the  first  of  the  preceding  equations. 

2.  The  expressions  for  nSz^  {'^^^YY.s^^^  (^^'3^)^XRi,3>  ^^^  {ndz)  X  ^2,1- 

The  values  of  the  last  three  expressions  are  as  follows,  the  numbers  within  the 
parentheses  being  coefficients  of ^,  g\  co,  and  co\  respectively: — 


// 


—  .001  sin 

(3, 

r           3, 

2, 

2) 

+  .001  sin 

(', 

2, 

« 

2, 

2) 

—  .005  sin 

(2, 

2» 

2, 

2) 

—  .020  sin 

(3, 

2, 

2, 

2) 

—  .005  sin 

(4, 

2, 

2, 

2) 

—  .002  sin 

(4, 

I, 

4, 

0) 

+  .002  sin 

(4, 

,—   I, 

4. 

0) 

+  .001  sin 

(5, 

—   I, 

4, 

0) 

—  .003  sin 

(4, 

—  2, 

6, - 

2) 

+  .016  sin 

(5, 

-  2, 

6, — 

2) 

+  .013  sin 

(6, 

—  2, 

6, - 

2) 

+  .002  sin 

(7, 

1  —  2, 

6, — 

2) 

(nSzfXsSi 

(n(y^)'XRi,3 

11 

—  .002  sin  (0,  —  2, 

2, 

—  2) 

—  .001  sin  < 

>,       1,  2, 

0) 

+  .003  sin  (2,  —  2, 

2, 

—  2) 

+  .001  sin  1 

[2,-  I,  2, 

0) 

+  .002  sin  (3,  —  2, 

2, 

—  2) 

—  .002  sin  ( 

0,       2,  0, 

2) 

+  .002  sin  (—  1,  2, 

0, 

2) 

—  .004  sin  ( 

>,       2,  0, 

2) 

+  .004  sin  (0,      2, 

o> 

2) 

—  .002  sin  1 

>,       2,  0, 

2) 

—  .002  sin  (2,  —  2, 

4, 

—  2) 

+  .002  sin  ( 

>,  -  2,  4, 

—  2) 

—  .002  sin  (3,  —  2, 

4, 

—  2) 

+  .003  sin  ( 

'3,  —  2,  4, 

—  2) 

—  .002  sin  (4,  —  6, 

6, 

-6) 

+  .003  sin  ( 

^4,  -  2,  4, 

—  2) 

—  .002  sin  (5,  —  6, 

6, 

—  6) 

+  .002  sin  ( 

'5»  —  2,  4, 

—  2) 

—  .002  sin  (2,  —  6, 

4, 

—  6) 

—  .001  sin  1 

^1,-6,  4» 

—  6) 

—  .002  sin  (3,  —  6, 

4, 

—  6) 

—  .001  sin  ( 

>,  —  6,  4, 

—  6) 

—  .001  sin  ( 

;6,  —  6,  8, 

-6) 

• 

—  .001  sin  ( 

7,  -  6,  8, 

—  6) 
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In  Table  II  the  column  "Sum"  contains  the  sums  of  the  terms  actually  given  in 
the  preceding  columns  of  the  table. 

Tlie  next  column  gives  the  complete  coefficient  of  each  term  in  the  ecliptic  longi- 
tude, and  is  formed  by  adding  to  the  column  "  Sum  "  the  omitted  terms  just  referred  to. 

The  last  column  gives,  for  the  larger  terms,  the  elements  which  they  principally 
contain  as  factors.  If  these  elements  be  changed,  the  coefficients  must  be  changed  by 
corresponding  quantities. 

§2. 

REDUCTION  OF  THE  PRECEDING  EXPRESSIONS  TO  UNIFORM  ELEMENTS,  AND 

COMPARISON  WITH  DELAUNAY. 

The  coefficients  of  the  preceding  inequalities  contain  as  factors  cei'tain  elements 
for  which  different  investigators  adopt  different  values.  It  is  essential  to  a  clear  pre- 
sentation of  results  that  they  should  be  reduced  to  a  uniform  and  well-defined  set  of 
elements  having  given  values  We  therefore  commence  by  reducing  the  theories  of 
both  Hansen  and  Delaunay  to  such  a  system.  The  elements  principally  referred  to 
are — 

(a)  The  ratio  of  the  mean  motions  of  the  sun  and  moon. 

{/3)  The  lunar  eccentricity. 

(y)  The  solar  parallax. 

i^S)  The  solar  eccentricity. 

(f)  The  inclination  of  the  moon's  orbit. 

Really,  all  these  elements  are  contained  in  all  the  inequalities  in  a  vpry  complex 
manner.  But  there  is  so  little  doubt  about  their  true  numerical  values  that  it  is  only 
necessary  to  take  account  of  their  changes  when  they  appear  as  factors  in  coefficients 
of  considerable  magnitude.  The  extent  to  which  each  term  is  affected  can  be  roughly 
seen  from  its  analytic  expression  given  by  Delaunay  at  the  end  of  his  Theorie  du 
Mouvemcnt  de  la  Lune,  Tome  II.     We  take  up  the  several  elements  in  order. 

(a)  Ratio  of  mean  motions.  *This  element  is  so  certain  that  no  reduction  need  be 
made  on  account  of  it.  It  is  true  that  theoretical  motions  of  the  lunar  node  and 
perigee  must  implicitly  enter  in  connection  with  this  element.  But,  from  a  rough 
examination  of  Hansen's  integration  coefficients  on  pp.  350-352  of  his  Barlegung,  I 

do  not  think  any  of  the  larger  coefficients  will  be  affected  by  as  much  as of 

their  entire  amount  by  any  admissible  change  of  these  motions. 

(yff)  Eccentricity  of  moon^s  orbit  The  eccentricities  used  by  the  two  investigators 
are  not  directly  comparable,  but  may  be  most  conveniently  compared  by  reducing 
each  to  the  coefficient  of  g  in  the  expression  for  the  moon's  ecliptic  longitude.  De- 
launay uses  Airy's  value,  given  in  his  last  paper  on  the  elements  of  the  moon's  orbit* 
Hanskn  corrected  his  eccentricity  for  use  in  his  tables,  as  already  mentioned.  The 
writer  obtained  a  small  but  well-marked  correction  to  Hansen's  value  from  the  Green- 


*  Memoirs  Royal  Astronomical  Society^  Vol.  XXIX. 
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wich  observations  1 846-' 74,  and  the  Washington  observations  1862-74.  The  four 
values  of  the  coefficient  in  question  are : — 

Airy,  used  by  Delaunay,     ....  22639^.06 

Hansen,  used  in  Theory,      ....  2 263  7'^  15 

Hansen,  used  in  Tables,        ....  22640".! 5 

Corrected  value  found  in  1876,*      .      .  2  2 63 9". 5 8 

Although  there  is  no  reasonable  doubt  that  the  eccentricity  of  Hansen's  tables  requires 
a  negative  correction,  it  will  be  adopted  for  the  purposes  of  comparison  because  it  is 
now  the  standard  of  the  ephemerides  with  which  subsequent  comparisons  must  be 
made.     All  the  terms  having  e  as  a  coefficient,  must  therefore  be  increased  by  the 

factor 

.00000728  >- 
-'-      zz  .0001326, 

.05490 

and  those  having  ^  by  double  this  factor.  The  coefficients  in  e  must,  in  Delaunay's 
theory,  be  increased  by  the  factor 

^   =z  .0000482. 


22639" 


iy)  Solar  parallax.  Hansen's  theory  does  not  set  out  with  a  definite  solar  parallax, 
but  with  a  ratio  of  the  mean  distances  of  the  sun  and  moon,  which  ratio  again  is  not 
the  usual  one,  because  Hansen's  a  and  a'  are  the  same  functions  of  the  motion  of  mean 
anomaly  that  the  usual  a  and  a'  are  of  the  sidereal  motions.  We  must  therefore  adopt 
an  indirect  process  for  finding  the  relation  of  solar  parallax  and  parallactic  equation  on 
his  theory.  He  finds  that  his  theoretical  coefficient  has  to  be  multiplied  by  the  factor 
^•03573  to  make  it  agree  with  observation;  and  then,  in  §  266  of  his  Darlegung^  he 
deduces  the  solar  parallax  8^.9159.  Dividing  this  parallax  by  the  preceding  factor, 
we  conclude  that  the  parallax  of  his  theory  is : — 

8^6085. 

In  turning  his  theory  into  numbers  Delaunay  used  8'^75.     The  parallax  to  which 
both  theories  will  be  actually  reduced  is : — 

8^.848. 

Hence,  Hansen's  terms  having  the  parallax  as  a  factor  must  be  increased  by  the 
factor 

.02785, 

and  Delaunay's  by  the  factor 

.01120. 

(tf)  The  solar  eccentricity^  The  solar  eccentricity  of  Hansen's  theory  is : — 

c'zz  0.01679226  (Epoch  1800). 


*  Papers  publiBhed  by  the  CommiMion  on  the  Transit  of  Venns.    Part  III. 
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Delaunay  uses  Le  Vekrier's  value : — 

e' 1=0.01677106  (Epoch  1850). 

In  strictness  these  two  values  are  not  comparable,  owing  to  the  different  form  of 
Hansen's  solar  theory;  but  since  Hansen  neglects  perturbations  of  the  earth's  motion 
in  his  lunar  theory,  it  may  be  assumed  that  there  will  be  no  difference  between  the 
form  in  which  the  eccentricity  enters  into  the  two  theories.  If  we  carry  Le  Vekrier's 
eccentricity  back  to  1 800  with  his  secular  variation,  we  shall  have : — 

^  z=  0.01679228  (Epoch  1800). 

This  may  be  regarded  as  absolutely  identical  with  Hansen's  value  for  the  same  epoch. 
So,  adopting  1 800  as  the  epoch,  we  have  only  to  increase  Delaunay's  coefficients  in 
e!  by  the  factor 

.00002122 


.01677 


zz  .001265. 


Or,  we  may  reduce  Hansen's  values  to  1850  by  dividing  them  by  i. 001 265,  when 
they  will  be  comparable  with  Delaunay's. 

The  theories  of  Hansen  and  Delaunay,  thus  reduced  to  a  uniform  and  consistent 
set  of  elements,  are  given  and  compared  in  Table  III.  Delaunay's  results  are  fre- 
quently doubtful  by  a  small  fraction  of  a  second,  owing  to  the  slow  convergence  of 
the  series  in  powers  of  m,  and  the  table  has  been  aiTanged  so  as  to  show  the  extent  of 
the  uncertainty  thus  arising. 

Following  the  indices  expressing  the  arguments  are  given,^,  first,  Hansen's  coeffi- 
cients fonned  from  the  values  in  Table  II  by  nmltiplying  by  the  appropriate  factors  for 
reduction  already  given.  Tliey  are  only  given  to  o''.oi,  but  should  the  thousandth  of 
seconds  be  required  they  are  readily  obtainable. 

Tlie  corresponding  coefficients  of  Delaunay  are  derived  principally  from  his  pre- 
sentation of  numerical  results  in  the  additions  to  tlie  Connaissance  des  Temps  for  1869. 
On  pages  1 1  to  2 1  of  that  paper  are  given  the  sums  of  the  terms  in  each  coefficient 
which  were  actually  computed  by  him.     The  parallactic  terms,  as  given  by  Delaunay, 

are  still  to  be  multiplied  by     ~  j^j  ^  being  the  ratio  of  the  mass  of  the  moon  to  that  of 

the  earth.  Putting,  with  Hansen,  '^  =  >.  ?  the  coefficient  will  be  ^^.  The  sums,  cor- 
rected for  this  coefficient  and  for  difference  of  elements,  are  given  in  the  column 
Delaunay  (i).  Had  all  the  appreciable  terms  been  actually  computed,  these  coeffi- 
cients would  have  been  the  definitive  ones  of  Delaunay's  theory.  But  it  was  fre- 
quently found  that  the  terms,  even  of  the  ninth  order,  where  the  development  ceased, 
were  still  appreciable ;  it  was,  therefore,  necessary  to  estimate  the  probable  sum  of  the 
omitted  terms  of  higher  orders  from  the  law  of  the  series  as  observed  in  the  terms 
actually  computed.     These   estimates   can   have   no  true   mathematical  foundation. 
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because  there  is  no  proof  of  the  actual  law  of  the  series.*  Still,  there  is  a  high  degree 
of  probability  in  favor  of  each  one  being  at  least  a  rude  approximation  to  the  truth. 
A  rigorous  computation  would  probably  show  that  a  majority  differed  less  than  -  of 
their  amount  from  the  true  values,  though  here  and  there  one  might  be  found  entirely 
illusory.  The  coefficients  of  longitude,  modified  by  these  estimated  additions,  are 
given  by  Delaunay  on  pages  38-40  of  the  paper  referred  to,  and  are  reproduced,  with 
the  necessary  corrections  for  changes  of  elements,  in  the  column  Delaunay  (2). 

The  difference  of  these  results,  given  in  the  next  column,  is  the  correction 
apparently  applied  by  Delaunay  for  the  uncomputed  terms.  It  will  be  noted  that  we 
have  no  independent  statement  of  these  terms  to  refer  to,  and  can  only  infer  their 
values  from  the  differences  between  the  printed  results  (i)  and  (2) 

Finally,  we  have  the  difference,  Hansen  minus  Delaunay  (2)  showing  the  dis- 
crepancies still  outstanding  between  the  two  theories  Each  one  can  judge  for  himself 
how  far  these  discrepancies  arise  from  the  uncertainty  of  Delaunay's  semi-empirical 
corrections,  and  how  far  from  errors  in  the  two  theories. 

One  or  two  terms  are  worthy  of  a  special  examination,  and  among  these  the  par- 
allactic equation  takes  the  first  rank,  as  upon  it  depends  the  value  of  the  solar  parallax 
to  be  derived  fronj  a  given  observed  value  of  this  equation  Arranging  Delaunay's 
terms  according  to  the  power  of  m,  which  enters  as  a  factor,  the  result  will  be  that 
given  below  under  the  head  Pj.  Delaunay  omits  terms  in  y^  after  m^,  and  terms  in  ^ 
after  m^.  Correcting  the  result  for  an  estimated  value  of  these  terms,  derived  by  in- 
duction, we  shall  have  those  given  under  the  head  Pg.  It  will  be  seen  that  the  terms 
follow  a  nearly  regular  law  up  to  wi®,  but  that  m'  deviates  from  this  law.  Assuming 
this  term  to  be  in  error,  and.  estimating  the  value  of  it  and  the  higher  terms  as  those  of 

a  geometrical  progression  with  the  ratio  —  we  have  the  results  P3. 


Pi 


3 


Terms  in  m 

73".  1 760 

— 

73".  18 

-  73".  1 8 

m^ 

— '" 

34  -3021 

34  -30 

—  34  .30 

w? 

— 

12  .0082 

— 

12 .01 

—  12  .01 

w* 

— 

4  .6812 

— 

4  -50 

-  4  -50 

m' 

— 

I  .9815 

— 

1 .89 

—   I  .89 

m* 

— 

0  .7122 

— 

0 .72 

—  0  .72 

rn' 

0  .3811 

— 

0 .38 

—  0  .48 

Sum    —  i2  7''.2423      —  1 26^^.98     —  1 27^.08 

Our  choice  must  lie  between  the  results  Pg  and  Pg,     If  we  adopt  the  former  we  may 
add  o'^26  as  an  estimate  of  omitting  terms  giving  : — 

•   P  z=  -  i2/'.24;  F  =  II  P  =  -  124^10. 


*  It  may  be  remarked  that  in  the  series  for  the  secular  acceleration  Delaunay  found  the  terms  of  a  higher  order 
actually  to  change  their  sign,  directly  contrary  to  the  estimate  which  would  have  been  formed  from  those  of  a  lower 
Older. 
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If  we  adopt  the  latter  we  have 

P  =  -  1 2  f.o^ ;        F  =  ^1  P  =  -  1 23''.94. 

Multiplying  by  the  coefficient  1.0112  to  reduce  to  the  parallax  8''.848  the  result  will 
be: — 

(2)  -  125^49 

(3)  -  125^33. 

Hanren's  coefficient,  —  i25''.43,  falls  between  these  results  and  may  be  regarded  as 
certainly  correct  within  less  than  o'^i. 

The  other  terra  referred  to  is  that  depending  on  the  argument : — 

g  —  g'  +  2C0  —  2co\ 

of  which  the  principal  parts  of  the  coefficient  are,  in  Delaunay's  theory, — 

3d  order,  ...  —  53''.  10 

4th  order,  ...  —  s'^So 

5th  order,  .      .      .  +  io''.i5 

6th  order,  .      .      -  +  9''.34 

7th  order,  .      .      .  +  ^' A2 

8th  order,  .      .      -  +  2''.90 

9th  order,  .      .      .  +  ^" Al 

Delaunay  seems  to  have  taken  i''.i8  as  the  probable  sum  of  the  omitted  terms, 
whereas  they  should  have  been  taken  as  o''.94  to  agree  with  Hansen. 


§3. 


LATITUDE. 

Taking  Hansen's  expression  for  the  moon's  latitude : — 

sin  ft  •=.  sin  I  sin  (/  +  to)  +  *  / 

the  first  step  is  to  form  the  expression  sin  (/  +  a?)  in  terms  of  ^,  oj,  etc.     This  may  be 
done  in  two  ways.     By  the  first  we  express  the  required  quantity  as  a  function  of  ^,  and 
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n 


then  put  g  -{■  ndz  ioY  g  and  develop  in  powers  of  nSz.     By  the  theory  of  elliptic 
motion  the  expression  of  sin  {/+  <x>)  in  terms  of  z  will  be 


sin  (/+  oj)  = 


625 
—      77  e"  sin  (—  4  0  +  oj) 


+ 


Y  I  28 


320 


A  sin  (- 


3^  +  ») 


(- 


+  (-  ,^e'  +4^  e^)  sin  (-  2^  +  a,) 


—  e  sin  GJ 


^  +  G?) 


+  (^-^'  +  6V-2-88''')«"^(^  +  -) 


+ 


/  e  _  I  e'  +  ^1  e»  j  sin  (2  ^  +  a>) 


+  (^^-S^^+i^^O'"^^'  +  "^ 


+ 


+  Q '"' - 1  e'j  sin  (4  ^  +  «») 
/625    .      625   „\    .     , 


81    .   .      . 
+  40       *°  (6^  +  <») 

If  we  now  substitute  for  z^  g  •\-  nSz^  for  e  its  numerical  value,   and  develop, 
putting : — 


sin  I  sin  (/+  co)  =  F,  +  Y^ndz  +  V^  {nSzf  +  F3  {nSzJ 


we  shall  have 


Fo  (in  arc)  zz  — 


— 

o"oi2  sin  (— 

■  3  ^  +  <») 

— 

o".255  sin  (— 

•  2  <7  +  to) 

— 

6".968  sin  (- 

■    9  +  <») 

— 

ioi5".834  sin  go 

+ 

i8447".342  sin  ( 

ff+f^) 

+ 

ioi2".oii  sin  ( 

2^  +  ®) 

+ 

62".458  sin  (  . 

3<7  +  <») 

+ 

4".o6i  sin  ( 

4^  +  ®) 
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Fo 

(in  arc)  (cont'd)-: 

=  +       d' .2^2  sin  ( 

;     5  ^ + «) 

+       o''.oi9  sin  ( 

:  6^+«) 

+       o''.ooi  sin  ( 

\     7^  +  ®) 

l^'o  (in  radius) 

=  —  .000  0001  sin  ( 

3^  +  <») 

—  .000  00 1 2  sin  ( 

'—2g-\-co) 

—  .000  0338  sin  ( 

^  +  ®) 

• 

—  .004  9249  sin  ( 

w 

+  •089  4352  sin  ( 

\       ^H-®) 

+  .004  9064  sin  ( 

'<      2  <7  +  «) 

+  .000  3028  sin  ( 

\     3^  +  ®) 

+  .000  0197  sin  ( 

[     4.9  +  ®) 

+  .000  0013  sin  ( 

{     5  ^  +  ®) 

+  .000  000 1  sin  ( 

:  6^+«) 

F, 

zn  +  .000  0002  cos  ( 

^—  3  ^ + «) 

+  .000  0025  COS  ( 

'—2(J-\-CO) 

+  .000  0338  COS  ( 

'—  ff  +  <») 

+  .089  4352  cos( 

[      ff  +  (») 

•  +  -009  8127  COS  ( 

[      2g  +  a)) 

+  .000  9084  COS  ( 

[     3ff  +  <») 

+  .000  O7H8  COS  ( 

[     4ff+<») 

+  .000  0066  COS  ( 

[     5  //  +  ®) 

+  .000  0005  COS  ( 

'      6  //  +  ») 

F, 

zz  +  .000  02  sin  (— 

.9  +  ®) 

—  .044  72  sin  ( 

//  +  «') 

. 

—  .009  81  sin  ( 

2g  +  oo) 

—  .001  36  sin  ( 

3  f/  +  ») 

—  .000  i6lsin  ( 

4ff  +  «) 

—  .000  02  sin  ( 

5  //  +  »') 

F3  =  —  .0149  COS  (    g  +  Go) 

—  .0065   COS   {  2  (J  -]-  go) 

—  .0014  COS  {  3  g  +  co) 

As  a  check  upon  the  vahie  of  sin  I  sin  (/+  co)  a  second  method  of  computing  it  was 
adopted,  as  follows.     Let  us  put : — 


Then 


Sf=f-g^ 


sin  (/+  Gj)  =  sin  (g -{- go  +  Sf) 

•  m  cos  (5/ sin  (g  +  go) 
+  sin  (5/cos  {g  +  ^)- 
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From  the  numerical  value  of  Sf  already  given  the  powers  of  this  quantity  were 
formed,  and  thence  its  cosine  and  sine  from  the  formula) : — 

COS  <y/zz   I ^-  +  etc. 

1.2 

6  P 

sin  SfzzzSf ^ [-etc. 

1.2.3 

These  expressions  were  then  multiplied  by  the  sine  and  cosine  of  (g  +  co). 

The  mean  difference  between  the  coefficients  in  sin  I  sin  (/+  gd)  found  by  the 
two  methods  was  less  than  o''.oo3,  thelarj^est  one  being  ''.dig. 

Adding  Hansen's  s  to  this  expression  we  have  the  value  of  sin  /?.  Then  /?  itself 
is  obtained  by  the  formula 

/?  zz  sin  /?  +  i  sin^  /?  +  -^  sin^  /?. 

6  40 

The  principal  pai*ts  of  /3  are  given  in  Table  IV,  of  which  the  columns  referring  to 
Hansen's  theory  seem  to  need  no  explanation. 

§4. 
REDUCTION  OF  THE  LATITUDE  AND  COMPARISON  WITH  DELAUNAY. 

All  the  terms  of  the  latitude  contain  the  incHnation  of  the  moon's  orbit  as  a  factor, 
and  are  therefore  to  be  multiplied  by  such  a  constant  coefficient  that  the  principal  term 
of  the  latitude  shall  agree  with  observation.  The  transformed  expressions  of  Hansen, 
given  in  Table  IV,  lead  to  a  consistent  theory  in  which  the  coefficient  of  the  principal 
term  of  the  latitude  is  i8463''.248.  The  expressions  of  Delaunay  also  lead  to  a  theory, 
in  which  this  coefficient  is  1 8461''. 26.  Each  of  these  is  to  be  multiplied  by  such  a 
factor  as  shall  reduce  it  to  the  value  implicitly  adopted  in  Hansen's  tables.  There 
Hansen  adopts : — 

I  =  5°8'39".96, 

which  is  less  by  8^.04  than  that  of  the  theory.    '  I  Eence,  from  this  alone  would  follow 
the  correction : — 

—  8".04  sin  (/+  co). 

But,  the  tables  contain,  among  the  perturbations,  two  terms  which  depend  mainly  on 
the  same  argument,  namely  • — 

2''.  70s  sin  (/+a?), 
which,  developed  by  putting  ^  +  2  e  sin  //  for  f,  appears  as  a  perturbation,  and 

3^70  sin  (.9+0)), 
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which  is  attributed  to  the  separation  of  the  centers  of  figure  and  of  gravity  of  the 
moon.     The  sum  of  the  first  two  expressions  being  developed,  become 

—  5^319  sin  {g  +  co) 
.+  o".293  sin  CD 

—  0^.292  sin  (2  g  +  co). 

Adding  the  third,  the  term  \n  g  -{-oo  will  become 

-   i''.6i9  sin  (g  +  co). 

We  are  not  concerned  with  the  terms  in  gj  and  2  g  -{-  00.     The  greater  part  of  their 
amount  may  be  considered  as  a  quasi  perturbation,  due  to  the  figure  of  the  moon,  and 
implicitly  contained  in  the  tables,  but  not  belonging  to  the  problem  of  three  bodies. 
With  the  last  correction  the  term  m  g  -^  co  becomes 

1 846 1 ".629  sin  {g  +  a?), 

which  is  the  coefficient  implicitly  contained  in  Hansen's  tables. 

To  this  the  writer  found  a  correction  of  —  o''.i5  from  Greenwich  and  Washington 
observations  1862-74,  but  it  will  be  retained  without  change.  Hence  all  the  coeffi- 
cients in  Hansen'^  /?,  as  given  in  Table  IV,  are  to  be  diminished  by  the  factor 

.000088, 

and  tliose  of  Di-lauxay  are  to  be  increased  bv  the  factor 

.000020. 

The  terms  in  e  and  e'  are  to  be  modified  by  the  same  coefficients  as  in  the  case  of  the 
longitude.  The  only  terms  which  will  be  a})preciably  affected  by  the  change  of  c  are 
those  depending  on  co  and  2  g  +  co. 

The  modifications  here  indicated  have  not  been  made  in  the  results,  because  they 
are  so  sHght,  and  affect  so  few  terms,  that  each  one  can  make  them  for  himself. 

The  column  Delaunay  (i)  contains,  as  before,  the  «um  of  the  terms  actually  com- 
puted by  Delaunay,  and  given  by  him  in  the  Conncmsances  des  Temps  for  1869. 

In  column  Belaunag  (2)  his  coefficients  are  corrected  by  the  higher  terms,  of  which 
the  value  has  been  estimated  by  hiduction.  Dkl^unay  himself  did  not  give  these 
additions,  so  that  they  had  to  be  estmiated  by  the  writer. 

§5. 

PARALLAX. 

Hanskn's  theory  gives  the  perturbations  of  the  natural  logarithm  of  the  moon's 

radius  vector,   which  are  the  negative  of  the  perturbations  of  the  logarithm  sine 

parallax.     The  value  of  w^  in  seconds  of  arc,  is  founil  in  the  Darlegung,  Part  I,  pages 

409-411,  and  Part  II,  pages  224-226,  258,  and  268.     The  moon's  parallax |>  is  given 

by  Hansen  under  the  form 

.                 D  (1+6  cos/) 
logsmi)=zlog-  -^^j_^^ w, 
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in  which  D  is  the  radius  of  the  earth  at  the  latitude  of  which  the  sine  is  />/ J,  and  a 
the  moon's  mean  dijstance  in  the  Hansenian  theory,  wliich  is  different  in  definition 
from  the  mean  distance  of  the  ordinary  theories.  It  is  not,  however,  necessary  to 
reduce  the  one  to  the  other  directly,  because  they  may  be  most  satisfactorily  com- 
pared by  the  values  of  the  constant  of  parallax  to  which  they  lead. 

Changing  the  logarithms  to  natural  quantities  and  developing  in  powers  of  w^  the 
above  expression  gives : — 


D   I  +e  cos//  w^  \ 

smi?  zi ^- 2^  (  i—-wJ^'!L  —  etc.  | 


and  then 


,  sin^«   ,     . 
jp  zz  sm  p  H -^  +  etc. 

6 


In  developing  e  cos  /  two  methods  of  computation  were  used,  as  in  the  computation 
of  the  principal  term  of  the  latitude. 

I.  From  Cayl^-y's  tables  we  have  _ 


cos  z 


+  (   e   —  ~  ^   I   COS  2  Z 

•+(^'-128 '7  ^'^"^^ 


+  -  e^  COS  4  z 
3 

+  -777  ^^^s  5  ^      • 
3M 

and  then  by  substituting  g  -^-nSz  for  z  we  have  cos /developed  in  multiples  of  ^,  ^c 
2.  Putting 

we  have 

cos  /  zz  COS  Sf  cos  g  —  sin  Sf  sin  g. 

The  value  of  —  was  derived  by  Hanskn  from  the  length  of  the  seconds  pendulum 

and  the  dimensions  of  the  earth  as  found  by  Bessel.     The  derivation  is  given  in  the 
Astronomische  Nachrichten,  Volume  XVII,  page  300.     The  data  made  use  of  are: — 

D,  radius  of  earth  under  the  parallel  arc  sin  />/ ^    .      -     6^  70063  metres 
P,  length  of  seconds  pendulum  under  same  parallel      .     0*^.992666 

w,  mass  of  the  moon 5-. 

'  80 
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The  result  is 

log  ^iz:  8.2 1 70139. 

He  gives  as  the  resulting  constant  part  of  the  sine  of  the  parallax 

3422^.06, 

and  the  changes  in  the  constant  produced  oy  small  changes  in  the  data: — 

Increase  of  o"""".!  in  P  varies  the  constant  by  ...  —  o''.ii 
Increase  of  looo""  in  D  varies  the  constant  by  ...  +  o".i8 
Increase  of  unity  in  denominator  of  m +o''.i7 

The  development  subsequently  given  leads  to  a  constant  of 

342  2".09, 

a  result  0^.03  greater  than  that  stated  by  Hansen. 

In  comparing  the  parallaxes  of  Hansen  and  Delaunay  the  only  element  which 
will  materially  affect  the  result  is  the  constant  of  parallax  :  a  comparison  of  the 
different  values  of  this  constant,  which  have  been  recently  obtained,  will  therefore  be 
of  interest.  Three  distinct  methods  of  obtaining  this  important  element  have  been 
applied. 

(a).  The  theoretical  method  founded  on  Kepler's^  third  law  as  expressed  in  the 
theory  of  gravitation,  and  derived  fundamentally  from  the  equation 

a  being  the  mean  distance  of  the  moon,  which  is  immediately  connected  with  the 
parallax;  n  the  mean  motion,  of  the  value  of  which  there  is  no  doubt,  and  m  and  M 
the  masses  of  the  moon  and  earth,  expressed  in  appropriate  units,  the  determination  of 
which  is  the  most  doubtful  part  of  the  problem. 

(/?).  Measures  of  the  moon's  position  made  at  two  distant  stations,  and  reduced 
t^  a  common  moment. 

(x).  Meridian  declinations  of  the  moon  made  at  the  same  station,  and  reduced  on 
.  the  hypothesis  that  the  undisturbed  geocentric  orbit  is  a  great  circle. 

The  last  method  is  not  well  adapted  to  give  a  certain  result,  owing  to  the  constant 
errors  with  which  measures  of  absolute  declinations  are  affected.  We  shall  therefore 
confine  our  consideration  to  the  first  two. 

Two  determinations  by  method  (a),  that  of  Hansen,  just  quoted,  and  that  of 
Adams  in  i\\^  Monthly  Notices,  Vol.  XIII,  and  the  British  Nautical  Almanac  for  1856, 
are  available. 

The  data  used  by  Mr.  Adams  are : — 

I),  from  Bessel,  and  therefore  the  same  as  Hansen. 
P,*  3.256  8^  English  feet,  or    .      .      .     o™. 992712. 

m,  mass  of  moon, 7, — . 

81.5 


*  This  value  in  English  feet  was  kindly  communicated  by  Mr.  Adams  himself,  not  being  explicitly  quoted  in  hii 
published  paper. 


TRANSFORMATION  OF  HANSEN  S  LUNAR  THEORY.  79 

The  resulting  value  of  the  constant  of  the  sine  is  given  as  3422'^325.  To  compare  it 
with  Hansen  we  have : — 

Change  in  D  zz  o,    -    -    -    change  of  tTq^z  o 
u       *^  p  —  +  o'"  ™  046,      ''       ''       —  o''.o5 

'*       "  -   =  +  1.5,  "       ''       +  0^26 

m 

Applying  the  correction -+ o".  21  to  Hansen's  constant,  the  result  would  be  either 
3422''.27  or  3422''.30,  according  as  we  accept  Hansen's  original  constant  or  that  de- 
duced from  the  data  of  his  lunar  tables.  The  latter  is  probably  the  value  to  be 
preferred. 

If  we  reduce  the  values  both  of  Hansen  and  Adams  to  Hansen's  data,  accord- 
ing to  the  system  already  adopted,  the  results  will  be : — 

Constant  of  sine  parallax,  Hansen,  342  2''.09. 

**  "  **         Adams,     3422''.  12. 

Constant  of  parallax  itself,  Hansen,  3422".25. 

''  ''  ''        Adams,    3422^'.28. 

The  constant  of  reduction  from  the  sine  to  the  parallax  itself  is  +  o".  157. 

/?.  The  most  recent  determinations  of  the  moon's  parallax  by  measurement  are 
those  of  Mr.  Breen  (Memoirs  R.  A.  S.  XXXII)  and  of  Mr.  Stone  (Ibid.  XXXIV). 
Both  are  founded  on  Cape  observations  and  both  lead  to  a  constant  of 


3422^.70. 


It  is  not  distinctly  stated  whether  this  is  the  constant  of  the  parallax  itself  or  of  its 
sine.  Mr.  Breen's  introduction  (1.  c.  pp.  116,  117)  seems  to  imply  that  he  used  Mr. 
Adams's  expression  for  sine  parallax  as  the  parallax  itself  in  reducing  the  Cape  obser- 
vations. But,  in  the  reduction  of  the  Greenwich  observations,  he  applies  Adams's  cor- 
rection to  the  parallax  of  Airy's  lunar  reductions,  which  gives  the  parallax  itself. 
To  put  the  matter  into  another  shape :  On  p.  1 16  Mr.  Breen  has  3422^^32  as  the  con- 
stant of  parallax.  On  p.  132  he  has  a  constant  correction  of  o''.68  to  the  Airy-Plana 
parallax,  of  which  the  constant  is  3421 ''.80,  which  gives  342  2".48  as  the  constant  of 
parallax. 

We  shall  probably  make  a  near  approximation  to  the  truth  by  assuming  that  Mr. 
Breen's  mean  provisional  constant  was  34 2  2 ''.40,  and  as  he  deduced  a  correction  of 
-f  o''.38  this  would  give  us  his  result : — 

Constant  of  parallax,    .      .      .     342  2''. 78 
Constant  of  sine,     ....     34.22''.62 

Mr.  Stone  also  finds  a  correction  of  -f  o''.38  to  Mr.  Adams's  parallax.  This 
would  give : — 

Constant  of  parallax,    .      .      .      3422''.86 
Constant  of  sine,     ....     3422^.70 

The  evidence  is  therefore  in  favor  of  a  positive  correction  to  Hansen's  constant ; 
but,  in  accordance  with  the  practice  in  other  parts  of  this  paper,  the  results  as  printed 
are  all  founded  on  Hansen's  fundamental  data. 
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In  the  Table  V  the  columns  contain — 

(i).  The  value  of  — .  - — -2(1  +  e  cos/),  expressed  in  seconds  of  arc. 

(2).  The  product  of  this  quantity  by  —  m;  +  — - 

(3).  The  coefficients  for  Hansen's  sine  parallax,  formed  by  adding  (i)  and  (2). 
If  the  parallax  itself  is  required,  it  may  be  found  by  adding  the  reduction  from 
the  sine  to  the  parallax  itself,  namely  :— 

+  o"as7     +0^025  cos^ 

+  o''.oo4  cos  ig  —  2y^  -^  2G)  —  2  co^) 
+  o''.cxD4  cos  {2g— 2g^  +  2co2  co^), 

(4).  The  coefficients  of  Delaunay's  sine  parallax,  so  far  as  actually  computed  by 
him.  As  he  stopped  at  the  terms  of  the  fifth  order,  the  hundredths  of  seconds  are  not 
always  definitive. 

(5).  The  same,  with  the  addition  of  quantities  estimated  by  induction  to  repre 
sent  the  omitted  terms  of  higher  orders. 

(6)  The  corrections  applied  in  the  preceding  column  to  obtain  the  most  proba- 
ble values  of  the  coefficients. 

(7).  The  deviation  of  Hansen's  coefficients  from  the  second  set  of  Delaunay's. 

As  some  of  Delaunay's  terms  are  doubtful  from  the  insufficient  convergence  of 
his  series,  the  coefficients  of  Adams's  parallax,  found  in  the  Monthly  Notices  B.  A.  S.^ 
Vol.  XIII,  p.  263,  have  been  added  for  comparison.  It  will  be  seen  that  they  agree 
closely  with  the  coefficients  of  Hansen,  though  derived  independently  of  them. 
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Table  I. — Value  of  nS^^  from  Hansen,  together  mth  its  powers. 
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Table  II. — Prwcipal  parts  of  Hansen's  Ecliptic  Longitude^  with  the  Coefficients  of  the 

Concluded  Longitude, 
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Table  II. — The  MoorCs  Longitude — Continued, 
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.    1   4- 

.002 

4-            .002 

' 

1       I 

-3 

1  — 

022 

.  1   .  . 

4-      . 

022   1 

.    1  —.00' 

• 

.003 

4-            .039 

1       ^ 

-3 

— 

032 

1 

4-      . 

028   1 

,    '   —.00: 

I  1   - 

.006 

-        .356 

3 

-3 

-h        . 

00; 

r     — 

032 

. ,  4-. 007 

— 

010 

—  .OO:! 

1 

.032 

—          .640 

gi 

P 

4 

-3 

+        . 

005 

>      — 

037 

4-. 005 . 

— 

927   ' 

—  .00^ 

( 1  - 

.057 

.293 

5 

-3 

4-      . 

001 

— 

016 

— 

013 

1    —.001 

[  '  •- 

.029 

—          .052 

'6 

-3 

:     — 

CO3 

1       1 

— 

002 

1          . 
1 

— 

.005 

—         .005 

—  2 

-4 

'     + 

001    1 

1   ,  , 

— 

002 

1 
t              *        < 

1 

1  — 

.001 

—          .001 

—  I 

-4 

!  + 

on   ' 

— 

017   ' 

1 

1          *        ' 

,  — 

.006 

—          .006 

o 

-4 

1  + 

172; 

— 

174    ' 

1          •        ' 

■  — 

.002 

—         .028 

i 

I 

-4  1 

— 

001 

-+-     I. 

785' 

4-. 002 ' 

—    I. 

495 

1                    *               ' 

,   4- 

.291 

4-          T.177 

fi 

2 

-4 

— 

003 

,    +     2. 

050  1 

,    4-. 025  ' 

—    I. 

344  ' 

»         1                    •               < 

4- 

.728 

4-       30-768 

{> 

3 

-4 

— 

261 

-h     2. 

1 

242  1 

1   -.242 

4-      . 

968  1 

— , 

00* 

\              •        « 

4- 

2.703 

4-       38.426 

' 

4 

-4 

— 

168 

-h     2. 

"7  ! 

— .  164 

4-    I. 

434  ' 

— . 

00: 

I          •   .        . 

4- 

3.217 

4-       13-900 

m* 

5 

-4 

— 

03c 

^  +     • 

732 

1   —.029 

4-      . 

533  ' 

1          •        • 

,  ^- 

1.206 

4-          I.98X 

e 

'       6 

-4 

— 

003 

1 .  -»- 

^3 ; 

1   —.003  1 

4-      . 

086 

1 

,   4- 

•173 

4-            .221 

. 

7 

-4 

1 
1 

• 

-h 

009 

•           • 

1 

4- 

on 

4- 

.020 

4-            .023 

1 

. 
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Table  II. — The  MoorCs  Longitude — Continued. 


^M 

fj 

,  c 

nSty. 

[n6 

«)*x 

(nd 

zfX 

Sum. 

Terms  in 

Principal  Co- 
efficient. 

S 

s 

s  ^ 

»o 

('.^•).  ■ 

-  I 

Riii- 

J  Si 

Rli3 

(^.^)> 

Ecliptic  Lon- 
gitude. 

4«- 

.4«' 

1 

/ 

n 

/ 

« 

n 

II 

tl 

1 

1 

II 

* 

II 

—  I 

-5 

•       . 

+ 

001 

1               .        . 

— 

.OOJ 

i                      .             . 

1           ^"" 

.001 

— 

.001 

• 

0 

-5 

>       . 

+ 

.014 

»            • 

— 

.01: 

"^ 

.003 

— 

.003 

. 

I 

-5 

•       . 

+ 

.163 

• 

— 

.141 

+ 

.00: 

J     + 

.025 

+ 

.072 

. 

2 

-5 

+ 

.001 

+ 

.235 

-+- 

.002 

— 

,16] 

+ 

.00: 

J     + 

.080 

+ 

2.746 

^»/ 

3 

-5 

— 

.019 

+ 

.230 

— 

.021 

-+-    . 

.o6i 

+ 

.oa 

\     + 

.262 

+ 

4.402 

4 

-5 

— 

.018 

+ 

.244 

— 

.017 

+    . 

.i6( 

+ 

.00: 

J     + 

.378 

+ 

1.886 

1 

5 

-5 

— 

.003 

+ 

.099 

— 

.003 

+    . 

.07: 

+ 

.002 

2       + 

.168 

4- 

.286 

• 

6 

-5 

-h 

.013 

4- 

.01: 

+ 

.025 

+ 

.031 

7 

-5 

+ 

.001 

+     . 

.OOJ 

^ 

+ 

.002 

+ 

.002 

-6 

+ 

.010 

— 

.00( 

f 

+ 

.001 

-1- 

.ooi 

2 

-6 

+ 

.017 

— 

.OIJ 

+ 

.005 

+ 

.156 

3 

-6 

— 

.001 

+ 

.016 

—  , 

.001 

-+-     . 

00: 

+ 

.017 

+ 

.313 

4 

-6 

^~* 

001 

+ 

.017 

+      . 

.OIJ 

+ 

.028 

+ 

.153 

5 

-6 

+ 

,008 

+      . 

.oo( 

+ 

.014 

+ 

.024 

2 

-7 

+ 

,001 

— 

OOl 

.000 

.000 

3 

-7 

+ 

.001 

• 

t            < 

.                      1 

+ 

.001 

+ 

.017 

4 

-7 

+ 

001 

+ 

.001 

[ 

.        + 

.002 

+ 

.010 

4«- 

.26)' 

1 

1 

3 

0 

■       • 

1 

• 

+   .oo! 

1               .        . 

•                .        . 

.     1 

.        + 

.005 

+ 

.005 

• 

4 

0 

>       . 

»            • 

+   .001 

• 

•                    .           . 

.        + 

.001 

+ 

.001 

2 

—  I 

+ 

.002 

+ 

,001 

—   .on 

• 

+  .004 

— 

.004 

— 

.002 

3 

—  I 

— 

.Oil 

»            • 

+   .055 

\        — 

.Oil 

+  .032 

+ 

.062 

+ 

.070 

4 

—  I 

— 

.009 

1              • 

+   .051 

i        — 

.007 

+  .025 

+ 

.064 

+ 

.064 

5 

—  I 

— 

.002 

• 

+  .on 

\         — 

.001 

+  .007 

+ 

.015 

+ 

.015 

6 

—  I 

»              • 

»              ■ 

-i-  .001 

• 

■              • 

+  .002 

+ 

.003 

+ 

.003 

—  I 

—2 

»              • 

+ 

.001 

• 

■              • 

>                    .          . 

+ 

.001 

+ 

.001 

0 

—2 

— 

.001 

— 

.003 

•         1 

»              • 

+     . 

00: 

J       .    . 

— 

.001 

— 

.001 

I 

—2 

— 

.012 

— 

.063 

•         1 

+  . 

.013 

+      . 

05: 

J       .    . 

— 

.009 

+ 

.006 

2 

—2 

— 

.012 

— 

.032 

+   .57« 

\        -. 

.003 

-+-      . 

.02( 

)       +.001 

+ 

.558 

— 

.534 

3 

—2 

+ 

.001 

— 

.060 

-8.66^ 

\ 

— 

05< 

)     +.004 

— 

8.769 

— 

9.370 

I««r 

4 

—  2 

4- 

.050 

— 

.037 

-5-74^ 

\ 

— 

02( 

)     +.004 

— 

5.756 

— 

5.743 

I« 

5 

—2 

+ 

.011 

— 

.002 

—  1. 001 

[ 

— 

00; 

J    +.001 

— 

.994 

— 

.991 

6 

—2 

+ 

.002 

»            • 

-   .I2e 

) 

.           . 

— 

.124 

— 

.124 

7 

—  2 

»              • 

• 

-    .OIJ 

\ 

.            .    * 

— 

.014 

— 

.014 

8 

—2 

B                    • 

• 

—   .001 

[ 

.           . 

— 

.001 

— 

.001 

> 

I 

-3 

i                     • 

— 

.003 

•           « 

■ 

+     . 

002 

t        .     . 

— 

.001 

+ 

.001 

2 

-3 

.001 

— 

.003 

+   .02: 

r    — . 

001 

+     . 

001 

[     —.002 

+ 

.021 

— 

.023 

3 

-3 

+ 

.012 

— 

.003 

-   .37: 

}    -+-, 

Oil 

— 

002 

I     —.030 

1 

— 

.389 

— 

.430 

4 

-3 

-+- 

.oil 

— 

.003 

~   .37^ 

\    +. 

007 

— 

002 

I     —.025 

— 

.386 

— 

.384 

5 

-3 

+ 

.002 

—   .07< 

)      -H. 

001 

—  .008 

— 

.075 

— 

.075 

6 

-3 

•              • 

—   .00c 

) 

—  .001 

— 

.010 

— 

.010 

7 

-3 

1              • 

—    .OOl 

[ 

.          . 

— 

.001 

— 

.001 

2 

-4 

•              • 

+   .00] 

[ 

.           . 

+ 

.001 

+ 

.001 

3 

-4 

»              • 

—   .or 

\ 

—  .002 

— 

.015 

— 

.ois 

4 

-4 

+ 

.001 

^    .01( 

) 

—  .002 

— 

.017 

— 

.017 

•  Jfw- 

-  46>' 

— "" —  f 

- 

0 

-3 

• 

.       . 

-ir  . 

.002 

+  .001 

[           .      . 

+     . 

.002 

8       —.002 

.      4 

— 

.001 

-=■ 

.001 

• 

I 

-3 

+ 

.006 

. 

+   .001 

[       —.008 

+ 

.001 

[        —.002 

.      < 

.        ~"" 

.002 

— 

.025 

. 

2 

-3 

H- 

.004 

^v 

.001 

• 

—  .004 

.002 

2             .       . 

.      1 

>        """ 

.003 

.015 

• 
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nSzX 


(n^zfX 


S     S 


2u  ' 

—  2 

—  I 
O 
I 

2 

3 
4 

5 

—  I 

o 
I 

2 

3 
I 


4&> 

-4 

-4 

-4 

-4 

-4 

-4 

-4 

-4 

-5 

-5 

-5 

-5 

-5 
-6 


56>  —  5  w 


2 

3 
4 
5 
3 
4 
5 

6  (J 

3 
4 

5 

I 

2 

3 
4 

*    5 
6 

7 

2 

3 
4 

5 

6 

7 

6u  ' 

A 
5 
3 
4 

5 
6 

7 
8 


-5 
-5 

-5 

-5 

-6 

-6 
-6 

—  6o' 

-5 

-5 

-5 
-6 

-6 

-6 

-6 

-6 

-6 

-6 


4w 


s  So 


(^.  ^)i  -  I 


004 

033  -r 

275  + 

143  + 

on  4- 

001  — 


001  4- 

021  -h 

016  i  4- 

001  I  4- 

1 
001 


003  -h 
005  -»- 
002      4- 


II 


013 

014 
ooS 
014 
003 


001 
002 
001 
002 


003 
003 


00 


00 


.002 
.018 
.031 

.034 

.035 
.021 

.006 

.CX)2 
.005 
.006 
.006 
.004 
.001 


Rill 


S, 


(^,£^h 


II 


.001 
.014 
.072 
.071 
.018 
.001 
.002 
.002 
.001 
.007 
.008 
.003 


•      . 


—  .002 
4-. 003 
4-.  260 

+  .133 
4-. on      4- 


•  • 


•  • 


•  • 


4-. 023   I    - 
4-. 013       4- 


4-. 001 


4- 
4- 


004  4- 
004  4- 
002       4- 


4-  .001 

4-  .001 

4-  .002 

—  .056 

—  .080 

—  .034 

—  .007 


010 

*>53 
015 

053 
024 


005 
002 
005 
003 


003 
001 
003 
001 


.001 
.001 
.001 
.cx)4 
.022 
.032 
.001 
.028 
.020 
.007 
.003 
.006 
.003 
.001 


R|r3 


4-. 002 
4-. Oil 
4-. 012 
4-. 003 


4-.  002 

4-. 002 

.001 

[       4-.  004 

.001 

1       -.093 

.001 

[    1    —.116 

—  .052 

—  .012 

-.002 

(nSzYx 


('.^)3 


4-. 004 
-+-.026 
4-.  120 
4-. 096 
4-. 023 


Sum. 


■ 

.   o 
:  u  ^ 


4- 


4- 
'   4- 


I  4-. 002 
,  4-.Oo() 
4-. 008 
4-. 008 
4-. 009 
4-. 005 
4-  .001 
I    4-. 001 

I    4-. 001 

I 
4-. 001 

4-. 001 


4- 


4- 
4- 


4- 
4- 

4- 
4- 
4- 


Terms  in        -a  e 

Ecliptic  Lon- '  .9*'g 

gitude.       I   "^  ^ 


.uoi 

.001 

.001 

.000  I 

.002 

.007 

.036 

.063 

.042 

.014 

.000 

.000 

.004 

.006 

.004 

.001  I 


.003  ' 
.003 
.006  I 
.150 
.198  I 
.086  I 
.019  I 

.003   , 


It  I 

.003  4- 

.004  — 

.022  -- 

.009  + 

.056  — 

.037  - 

.006  — 
.002  '    — 

.001  4- 

.001  — 

.006  4- 

.005  4- 
.004  I  — 
.000 


000  I 
001 
006 
001 


4- 

4- 

4- 
4- 


.003 
.004 
.002 
.223 
.001 
.029 
.Oil 

.002 

.001 

.001 
.027 

.035 

.004 
.000 


.000 

.055 

.oil 
.006 
.006 
.001 
.002 


.003 
.010 
.009 
.000 
.oil 
.292 

.572 
.395 

.126 
.023 
.000 

.037 

.089 
.067 
.020 
.001 


.003 
.003 
.005 

.166 

.203 
.086 
.019 

.COS 
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Table  II. — The  MootCs  Longitude — Continued. 


e    t 


6  6>- 

—4  cj' 

4 

-5 

5 

-5 

6 

-5 

7 

-5 

4  (•>■ 

—6  cj' 

I 

-6 

2 

-6 

3 

-6 

4 

-6 

4  6> 


sS, 


•  • 


•  • 


.003 
.004 
.002 


4 

I 

+     . 

.002 

3 

0 

+     . 

.004 

3 

0 

+ 

.002 

4 

0 

1            • 

5 

0 

1           • 

6 

0 

1           • 

4 

I 

— 

.002 

5 

I 

1           • 

4 

1 

Li 

0 

4 

• 

■¥      . 

002 

• 

4 

i 

1           • 

6«- 

20' 

( 

4 

—  2 

1           • 

5 

—  2 

( 

1            • 

6 

—  2 

4 

9           • 

7 

—  2 

1 

1            • 

8  w- 

•6  w' 

5 

-6 

»           • 

6 

-6 

« 

1           • 

7 

-6 

« 

1           • 

5«- 

-3«' 

1 
,     3 

-3 

1 

1           • 

4 

-3 

1 

t            • 

5 

-3 

4 

1            • 

6 

-3 

1 

1           • 

Sum. 


If 

.014 
.022 
.012 
.002 


,002 
.003 
,002 
,000 


002 
017 

»74 
022 

002 
002 


.004 
.003 


.005 
.004 


.CX>2 
.003 
.002 


Terms  in 
'  Ecliptic  Lon- 
gitude. 


■h 
+ 


.014 
.022 
.012 
.002 


,001 
.003 
.005 
.001 


.000 

.OK) 
.0S2 
.422 
.094 
.013 
.000 
.001 


.004 
.003 


.002 
.020 
.013 
.002 


.002 
.004 
.003 


4- 

.002 

+ 

.002 

+ 

.013 

+ 

.013 

+ 

.004 

4- 

.004 

4-  • 

.001 

4- 

.001 

o 

•ST  <j 
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Table  III. — Reduced  Coefficients  of  Longitude^  according  to  Hansen  and  Delaunay 


s 

g 

Hansen, 

L 

• 

>eiaunay 

(«)• 

Delaunay 

(2). 

D,- 

-Di 

H- 

-C 

h 

n 

It 

r> 

I 

0 

22640.15 

22640.15 

22640.15 

• 

• 

2 

o 

-4- 

769.06 

4- 

769.12 

4- 

769.06 

— 

6 

0 

3 

o 

+ 

36.13 

4- 

36.16 

4- 

36.12 



4 

4- 

I 

4 

0 

4- 

1.94 

4- 

1.96 

4- 

1.94 

— 

2 

0 

5 

o 

-4- 

O.II 

4- 

0.12 

4- 

O.II 



I 

0 

6 

o 

+ 

O.OI 

4- 

O.OI 

4- 

O.OI 

0 

0 

—4 

—  I 

+ 

0.04 

+ 

0.04 

•          • 

• 

• 

-3 

—  I 

+ 

0.55 

4- 

0.52 

4- 

0.56 

4- 

4 

— 

I 

—  2 

—  I 

+ 

7.67 

4- 

7.62 

4- 

7.69 

4- 

7 

— 

2 

—  I 

—  I 

+ 

109.92 

4- 

109.79 

4- 

109.85 

4- 

6 

4- 

7 

o 

—  I 

+ 

669.85 

4- 

669.57 

4- 

669.76 

4- 

19 

4- 

9 

I 

—  I 

+ 

148.02 

•4- 

147.46 

4- 

148.43 

4 

97 

— 

41 

2 

—  I 

+ 

9.72 

4- 

9.59 

4- 

9.71 

4- 

12 

4- 

I 

3 

—  I 

-4- 

0.67 

4- 

0.63 

4- 

0.66 

4- 

3 

4- 

I 

4 

—  I 

4- 

0.05 

+ 

0.04 

*     . 

• 

• 

—  2 

—  2 

+ 

0.06 

4- 

0.07 

•     . 

• 

• 

—  I 

—  2 

+ 

1. 18 

4- 

1. 16 

4- 

1. 16 

0 

4- 

2 

0 

—2 

+ 

7.51 

+ 

7.49 

4- 

7.46 

— 

3 

4- 

5 

1 

—  2 

+ 

2.59 

4- 

2.49 

4- 

2.59 

4- 

10 

0 

2 

—  2 

+ 

0.19 

4- 

0.16 

.     . 

3 

—  2 

4- 

O.OI 

4- 

O.OI 

• 

—  I 

-3 

+ 

0.02 

4~ 

0.02 

• 

o 

-3 

4- 

0.08 

4- 

0.14 

• 

I 

-3 

4- 

0.05 

4- 

0.03 

\          ■ 

2W  — 

2u' 

—  I 

O 

— 

O.OI 

— 

O.OI 

.      • 

• 

• 

O 

o 

— 

0.23 

— 

0.16 

•      • 

• 

• 

I 

o 

— 

2.54 

— 

2.22 

— 

2.35 

4- 

13 

4- 

19 

2 

o 

— 

0.19 

— 

0.15 

— 

0.15 

0 

4- 

4 

3 

0 

— 

O.OI 

— 

O.OI 

•          • 

• 

• 

—  2 

—  1 

4- 

0.02 

•              • 

•          • 

• 

• 

—  I 

—  I 

4- 

0.18 

4- 

0.07 

•          • 

• 

• 

O 

-  r 

4- 

2.52 

4- 

1.87 

4- 

2.27 

4- 

40 

4- 

25 

I 

—  I 

— 

28.56 

— 

29.50 

— 

28.32 

—  I 

.18 

4- 

24 

2 

—  I 

— 

24.45 

— 

24.60 

— 

24.50 

— 

10 

— 

5 

3 

—  I 

— 

2.93 

— 

2.96 

— 

2.96 

0 

— 

3 

4 

—  I 

— 

0.29 

— 

0.27 

.     . 

• 

• 

5 

—  I 

— 

0.02 

— 

0.02 

.     . 

• 

• 

-3 

—  2 

4- 

0.07 

4- 

0.06 

•     . 

• 

• 

—  2 

—  2 

4- 

0.95 

4- 

0.91 

-<- 

1. 00 

4- 

9 

— 

5 

—  I 

—  2 

4- 

13.19 

-H 

13.15 

4- 

13.32 

4- 

17 

— 

13 

O 

—2 

4- 

211. 71 

4- 

211.46 

4- 

211.84 

4- 

38 

— 

13 

I 

—  2 

4- 

4586.56 

4- 

4586.24 

4- 

4586.44 

4- 

20 

4- 

12 

2 

—  2 

4- 

2369.75 

4- 

2369.74 

4- 

2369.74 

0 

4- 

I 

3 

—  2 

4- 

191-95 

4- 

192.00 

4- 

192.00 

0 

— 

5 

4 

—  2 

4- 

14.38 

+ 

14.    0 

4- 

14.40 

0 

_^ 

2 

5 

—  2 

4- 

1.06 

4- 

1.06. 

4- 

1.06 

0 

0 

6 

—  2 

4- 

0.08 

4- 

0.08 

•          • 

• 

• 
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Table  III. — Reduced  Coefficients  of  Longitt^de,  dc. — Continued. 


• 

1 

• 

^' 

Hansen, 

Delaunay 

(0- 

Delaunay 

(2). 

D9-D1 

H- 

•Da 

2«  — 

2«' 

** 

n 

ft 

—2 

-3 

+ 

0.03 

+                    0.03 

•      . 

• 

• 

—  I 

-3 

+ 

0.48 

+                    0.49 

+ 

0.49 

0 

— 

I     1 

O 

-3 

+ 

8.66 

-4-             8.66 

+ 

8.66 

0 

0 

I 

-3 

■¥ 

206.46 

+         206.54 

+ 

206.34 

—    20 

-h 

12 

2 

-3 

+ 

165.52 

+         165.55 

+ 

165.55 

0 

— 

3 

3 

~3 

+ 

14.60 

+           14.59 

.+ 

14.66 

+       7 

— 

6     i 

4 

-3 

+ 

1. 18 

-4-             I. II 

+ 

1. 15 

+       4 

-4- 

3 

5 

-3 

+ 

O.IO 

+            0.08 

•           • 

. 

• 

—  I 

-4 

+ 

0.02 

+                O.OI 

•           • 

* 

. 

o 

-4 

+ 

0.28 

-4-            0.28 

•           • 

. 

. 

I 

-4 

+ 

7.44 

+            7.50 

+ 

7.50 

0 

— 

6 

2 

-4 

+ 

8.13 

-t-            8.06 

+ 

8.06 

0 

+ 

7 

3 

-4 

+ 

0.76 

-f-            0.68 

+ 

0.72 

+      4 

+ 

4 

4 

-4 

+ 

0.06 

+            C.05 

o 

-5 

+ 

•     O.OI 

a            • 

I 

-5 

-4- 

0.26 

-4-             0.19 

2 

-5 

-h 

0.34 

+             0.25 

« 

3 

~5 

+ 

0.03 

+                O.OI 

2(J 

1 

1 

O 

+ 

O.OI 

+            0.02 

•     • 

• 

1 

• 

I 

• 

0.09 

—            0.09 

.            a 

• 

• 

2 

+ 

0.42 

-4-            0.42 

+ 

0.42 

0 

0 

3 

+ 

0.27 

+            0.26 

•            . 

• 

• 

4 

+ 

0.04 

+            0.04 

*            . 

• 

« 

—  I 

0 

+ 

0.07 

+            0.05 

+ 

0.05 

0 

+ 

2 

o 

o 

+ 

1.09 

+             1.39 

+ 

1.38 

—       I 

— 

29 

I 

o 

— 

39.58 

-          39.54 

— 

39.54       . 

0 

+ 

4 

2 

o 

— 

411.60 

-        411.63 

— 

411.63 

0 

— 

3 

3 

o 

— 

45.09 

-          45.12 

— 

45.12 

0 

— 

3 

4 

o 

4.00 

~            4.01 

— 

4.01 

0 

— 

I 

5 

0 

— 

0.33 

-            0.33 

— 

0.33 

0 

0 

6 

o 

— 

0.03 

—            0.03 

• 

0 

—  I 

+ 

0.07 

—                O.OI 

- 

• 

I 

—I 

+ 

0.08 

-4-            0.12 

• 

2 

—  T 

— 

0.08 

—            0.09 

• 

3 

—I 

— 

0.30 

—            0.28 

1 

4 

—I 

— 

0.05 

—            0.04 

• 

5 

—  I 

— 

O.OI 

•      • 

. 

2o 

r 

% 

—  I 

4 

— 

O.OI 

-4-            O.OI 

.            . 

. 

• 

0 

4 

~ 

0.07 

—            0.07 

.            • 

. 

• 

I 

4 

+ 

O.OI 

•          • 

•            . 

. 

• 

—2 

3 

+ 

0.03 

-^            0.03 

*            • 

. 

* 

—  I 

3 

4- 

0.40 

-4-            0.37 

+ 

0.37 

0 

+ 

3 

O 

3 

— 

2.15 

-             2.17 

— 

2.17 

0 

— 

2 

I 

3 

+ 

0.06 

-f-             0.05 

.            . 

• 

• 

2 

3 

+ 

0.03 

+             0.02 

*            . 

• 

• 

$4 
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Table  III. — Reduced  Coefficients  of  Longitude^  &c. — Continued. 


g       s' 

Hansen. 

Delaunay 

(1). 

Delaunay 
(2). 

Da- 

-Di 

H- 

V  - 

-D, 

2  J 

n 

/» 

n 

-3            2 

■¥ 

0.03 

+ 

0.03 

.        . 

. 

• 

—  2               2 

+ 

0.43 

4- 

0.45 

4- 

0.45 

0 

— 

2 

—  I               2 

+ 

6.36 

+ 

6.37 

4- 

6.37 

0 

— 

I 

O               2 

— 

55.25 

— 

55.20 

— 

55.17 

— 

3    . 

4- 

8 

I                2 

— 

0.18 

— 

0.18 

— 

0.14 

— 

4 

4- 

4 

2                2 

+ 

0.56 

+• 

0.54 

4- 

0.54 

0 

4- 

2 

3              2 

+ 

O.IO 

+ 

0.08 

•        . 

• 

. 

4            2 

-4- 

O.OI 

+ 

O.OI 

.        . 

• 

. 

—  2               I 

— 

O.OI 

— 

O.OI 

.        « 

• 

. 

—  I                I 

— 

0.08 

— 

O.IO 

.        . 

• 

. 

O               I 

-+• 

1.55 

-1- 

1.43 

4- 

1.43 

0 

4- 

12 

I                I 

+ 

O.OI 

H- 

O.OI 

•        . 

a 

. 

2               I 

4- 

O.OI 

•            • 

•        . 

• 

. 

0               O 

+ 

O.OI 

4- 

0.02 

•        • 

. 

• 

2  CJ  +  2  «' 

. 

I               2 

— 

0.03 

• 

•                  • 

• 

. 

2               2 

-4- 

0.08 

+ 

0.08 

.                  . 

. 

. 

3             2 

+ 

O.OI 

+ 

0.02 

.                  * 

• 

. 

«  —  «' 

+ 

O.OI 

•        . 

.                  . 

. 

0               I 

I                I 

— 

0.03 

— 

0.04 

. 

> 

2               I 

0.00 

— 

O.OI 

1             . 

1 

1 

—  2               0 

+ 

0.02 

+ 

0.02 

1             . 

1 

—  I               0 

+ 

0.38 

-4- 

0.26 

t             . 

1 

1 

O               O 

+ 

1.33 

4- 

0.87 

4- 

0.87 

0 

4- 

46 

I                O 

-+• 

18.09 

4- 

18.08 

4- 

18.08 

0 

4- 

I 

2               0 

+ 

1.27 

4- 

1.22 

4- 

1. 21 

— 

I 

4- 

6 

3               0 

+ 

0.09 

4- 

0.09 

•             • 

• 

. 

4            o 

+ 

O.OI 

4- 

O.OI 

•             • 

. 

. 

-3        -I 

— 

O.OI 

•       . 

•             • 

. 

• 

—  2          —I 

— 

0.12 

— 

0.09 

••             • 

a 

• 

—I       —I 

— 

1.78 

— 

1.50 

— 

1.59 

4- 

9 

4- 

19 

0           —I 

— 

18.70 

— 

18.35 

— 

18.76 

4- 

41 

— 

6 

I        —I 

— 

125.43 

— 

125.49 

— 

125.98 

4- 

49 

— 

55 

2           —I 

~ 

8.48 

— 

8.45 

— 

8.54 

4- 

9 

^_ 

6 

3        -I 

— 

0.59 

— 

0.57 

^^ 

.60 

4- 

3 

— 

I 

4         -I 

— 

0.04 

— 

0.04 

.       . 

• 

• 

—  I           —2 

— 

O.OI 

— 

O.OI 

.             a 

• 

• 

O           —2 

— 

O.I7 

— 

0.14 

— 

0.14 

0 

4- 

3 

I           ~2 

— 

0.60 

— 

0.55 

— 

0.56 

4- 

I 

4- 

4 

2           —2 

— 

0.13 

— 

0.08 

.             . 

• 

. 

3        -2 

— 

0.02 

— 

O.OI 

.             . 

• 

. 

I         -3 

+ 

0.04 

4- 

0.05 

.            a 

• 

• 

3  «  —  3  «' 

I           —2 

— 

0.04 

— 

O.OI 

a             . 

• 

. 

2           —2 

+ 

0.28 

4- 

0.27 

a             . 

• 

. 

3        -2 

+ 

0.15 

4- 

0.14 

.             . 

• 

. 

4          -2 

+ 

0.02 

4- 

0.02 

.             . 

• 

• 
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g     / 

Hansen. 

Dilaumay 
(I). 

Dtlaunay 
(a). 

D.- 

-D, 

H-D, 

ju_3u' 

0        -3 

O.Ob 

0+ 

«        -3 

- 

1.13 

I 

17 

1.33 

+ 

6  ' 

-      I 

a        -3 

— 

3-33 

—              3 

98 

-            3.13 

+ 

14  . 

+     II 

3         -3 

+ 

0.41 

+              0 

57 

+              0-54 

- 

3 

-     >3 

i        -3 

+              0 

04 

+                O.OI 

— 

3 

—       I 

5         -3 

—              0 

01 

I         -4 

- 

0.08 

-              0 

07 

3         -4 

0.33 

18 

3         -J 

+ 

□.06 

+              Q 

fi 

4         —4 

+                0 

01 

3          -5 

- 

O.OI 

3         -5 

+ 

0.01 

+                O.OI 

■  +  "• 
I              3 

+    0.0, 

-I              1 

+ 

o.oB 

+        0.04 

I              I 

■t- 

0.55 

+           0.S9 

+       0.59 

—      4 

a          I 

+■ 

□.01 

+           0.03 

o          o 

+ 

0.05 

I                0 

+ 

0.06 

3u-«' 

3            o 

- 

0.04 

0.04 

.    . 

4            o 

— 

0,01 

—           0 

01 

3           —I 

+ 

0,0a 

+           0 

03 

3        -' 

+ 

0.35 

+           0 

34 

4         -I 

+ 

o.ai 

4-              0 

IM 

u-3u' 

+              0.01 

o        -3 

-              0 

03 

I         —3 

— 

0.33 

—              0 

36 

-                   0.3S 

— 

+       7 

3           —3 

— 

O.OI 

—                D 

01 

>         -4 

-                0 

03 

4«-4<j' 

a        -a 

- 

U.03 

O.OI 

I        -3 

+ 

0.04 

-                   0 

01 

a        —3 

— 

0.36 

—                   0 

67 

0.67  - 

0 

-     31 

3      ■  -3 

- 

0.64 

-                   0 

83 

0.83 

0 

-     "9 

4         -3 

- 

o.ag 

-                   0 

39 

-                   0.30 

+ 

I 

-       I 

5         —3 

— 

0.05 

—                   0 

04 

o        -4 

- 

0.O3- 

"         -i 

-t- 

i.i8 

+              o.q6 

+             i.o8 

+ 

13 

+      10 

2          —4 

-1- 

30.78 

+            30.5a 

+           30.73 

+ 

3D 

+      6 

3         —4 

+ 

38.43 

+            38-31 

+          38.48 

+ 

>7 

—     s 

"*" 

13.90 

+            13. 89 

-t-           13-98 

+ 

9 

-      8 
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0.53 

9-39 

5-73     ! 
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Table  III. — Reduced  Coefficients  of  Longitude^  dec. — Continued. 


g    g 

6  «  —  66)' 

Hansen, 

Delauttay 

Delaunay 

(2). 

D,-.D» 

1 

1 
1 

1 

»» 

n 

1 

4         -5 

—                 O.OI 

—                O.OI 

•           •                                       • 

5         -5 

—                O.OI 

•            • 

•           •          1                            • 

1 

1 
'     1 

2         -6 

+                O.OI 

. 

.      . 

3         -6 

-\-         0.29 

4-            0.20 

•          • 

• 

4         -i' 

+        0.57 

+            0.40 

4-             0.51          4-      II 

4-       6 

1 

5         -6 

-t-          0.40 

-h            0.26 

•           •                                         • 

1 

.     1 

6         -6 

-+-          0.13 

+            0.07 

... 

« 

7         -6 

-h           0.02 

+                 O.OI 

.      . 

i 

1 

3         -7 

+          0.04 

-h                 O.OI 

•           •                                         • 

♦         -7 

-4-            o.og 

-h          0.03 

• 

t 

5         -7 

-+-            0.07 

4-             0.02 

• 

6        -7 

-+-            0.02 

•           • 

• 

i 

6  «  —  4  «' 

• 

3         -4 

—                O.OI 

—                 O.OI 

4         -4 

—            0.17 

-         0.14 

5         -4 

—            0.20 

—           0.16 

1 

6         -4 

—            0.09 

—            0.06 

I 

7         -4 

—            0.02 

—                 O.OI 

1 

1 

4         -5 

—            0.01 

—                O.OI 

• 

• 

5         -5 

—            0.02 

—                 C.OI 

6         -5 

—            0.01 

•            • 

• 

4u 

2            o 

—                O.OI 

•            • 

•           • 

• 

• 

3            o 

-4-            0.08 

4-            0.08 

1 
•           •                                          • 

• 

4            o 

4-            0.42 

+            0.42 

4-             0.42 

0 

0 

5            o 

-h            0.09 

4-            0.09 

•           • 

• 

. 

6            o 

H-            O.OI 

4-            O.OI 

•           • 

• 

. 

6  w  —  2  w' 

1 

5         -2 

4-            0.02 

4-            0.02 

•           • 

• 

• 

6           -2 

+                O.OI 

4-            O.OI 

•           • 

• 

• 

5  m)  —  3  w' 

4        -3 

-\-                O.OI 

4-            O.OI 

•           • 

• 

• 

G 
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Table  IV. — The  MoorCs  Latitude. 


g 

f 

sin 

Isin(/4-w) 

s 

1 
sin  /?          ■ 

/3  -  sin  /? 

3 
Delaunay 

Delaunay 

„ 

1 

1 

1 

(I). 

(»)• 

u 

f# 

1 

' 

II 

#» 

99 

o 

3 

— 

.002 

•      • 

— 

.002  1 

1 

"^ 

.002 

•                            • 

•            • 

I 

3 

.003 

.      .   i 

— 

.003 

1 

1  — 

.003 

— 

.003 

•            • 

2 

3 

— 

.001 

•            • 

— 

.001 

1 

1  — 

.001 

•                           • 

•            • 

—  I 

• 

2 

— 

.001 

•      • 

— 

.001  ' 

1 

1  — 

.001 

— 

.004 

•            • 

O 

2 

— 

.092 

— 

.016 

— 

.108 

1 

.108 

.075 

— 

0.08 

I 

2 

— 

.317 

4- 

.262 

— 

.055 

1 

1 

.055 

.072 

— 

0.07 

2 

2 

— 

.064 

4- 

.009 

^M* 

.055  1 

1 

.055 

"" 

.055 

— 

0.06 

3 

2 

— 

.006 

•            • 



.006  1 

i 

.006 

.006 

— 

O.OI 

—  2 

— 

.004 

.020 



.024 

1 

.024 

-■^ 

.024 

— 

0.02 

—  I 

— 

.071 

— 

.233 



.304  1 

— 

.001 

[  :  — 

.305 

— 

.300 

— 

0.30 

O 

— 

5.089 

— 

.573 



5.662 

— 

.005       - 

5.667 

— 

5.370 

— 

5.50 

I 

f 

— 

30.067 

4- 

23.578 



6.489 

— 

.008      — 

6.497 

— 

6,471 

— 

6.33 

2 

— 

6.610 

4- 

1.279 

— 

5.331 

— 

.005       — 

5.336 

— 

5.254 

— 

5.25 

3 

— 

.720 

4- 

.080 



.640 

1            1 

— 

.640 

— 

.617 

— 

0.62 

4 

— 

.068 

4- 

.005 



.063 

1            4 

— 

.063 

— 

.056 

— 

0.06 

5 

. 

— 

.004 

•            • 



.004 

1            * 

— 

.004 

— 

.004 

•            • 

-4 

O 

•           • 

— 

.006 



.006 

, 

1 

.006 

— 

.006 

— 

O.OI 

-3 

O 

— 

.012 

.080 



.092 

% 

.092 

— 

.095 

— 

0.09 

—  2 

o 

— 

.254 

1.328 



1.582 

— 

OO' 

m 

\  \  - 

1.585 

— 

1.590 

"" 

1.59 

—  I 

o 

— 

6.933 

— 

24.787 



31.720  1 

— 

04c 

)    - 

3^.769 

— 

31.788 

— 

31.79 

O 

o 

— 

1020.614 

4- 

21.979 



998.695  1 

— 

991 

[  1  — 

999 . 686 

— 

999.747 

— 

999.75 

I 

o 

+ 

18444.607 

0 

4- 

18444.607  1 

4-     18. 

64] 

I  1  4- 

18463.248 

4- 

18461.26 

4- 

18461.26 

2 

o 

+ 

1010.337 

1. 216 

4- 

1009.121   1 

4-        I. 

055 

i  '  + 

1010.173 

4- 

1010.233 

4- 

1010.19 

3 

o 

4- 

61.915 

— 

•  055 

4- 

61.860  1 

4- 

041 

[   !   4- 

6i.90f 

4- 

61.990 

4- 

61.99 

4 

o 

+ 

3  983 

— 

.003 

4- 

3.980  1 

— 

001 

[   1   4- 

3-979 

4- 

4.013 

4- 

4.01 

5 

o 

-+- 

.263 

•           • 

4- 

.263 

« 

'   -f- 

.263 

4- 

.272 

4- 

0.27 

6 

o 

+ 

.019 

•            ■ 

4- 

.019 

4 

'  4- 

.019 

+ 

.019 

4- 

0.02 

7 

o 

+ 

.001 

•            • 

4- 

.001   1 

1 

4- 

.001 

•                            • 

•          • 

—  2 

—  1 

-h 

.004 

+ 

.021 

4- 

.025 

1 

4- 

.025 

4- 

.024 

4- 

0.02 

—  I 

—  I 

-h 

.065 

+ 

.246 

4- 

.311 

4- 

001 

[       4- 

.312 

4- 

.3>6 

4- 

0.32 

0 

—  1 

+ 

3.266 

4- 

1.853 

4- 

5. 119 

4- 

ooi 

)      4- 

5.125 

4- 

5.014 

4- 

S.07 

I 

—  I 
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Table  IV. — The  Mooti^s  Latitude — Continued. 
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.013 

.003 

.320 

.390 
.061 

.007 

.012 

.017 

.002 


.001 
.001 
.001 

.'53 
.103 

.013 

.003 

.012 

.002 

.625 

6.576 

3.679 
.466 

.048 

.002 

.005 

.029 

.517 
.410 

.053 
.025 

.021 


oor 
003 

073 
,091 

.036 

.002 

,001 


i3 
Delaunay 

(I). 


4- 
-h 
4- 
4- 
4- 

4- 
4- 
4- 
4- 
-h 
4- 


4- 
4- 
4- 
4- 
4- 


+ 
+ 
4- 
4- 


If 

.010 

4- 

.078 

— 

8.968 

4- 

7.946 

4- 

1.082 

4- 

.100 

4- 

.006 

4- 

.003 

.3" 

4- 

.362 

4- 

.043 

4- 

.002 

.005 

4- 

.006 

•           • 

4- 

.002 

.014 

— 

.199 

— 

.114 

— 

.014 

— 

.002 

.005 

.582 

4- 

6.532 

-^ 

3.651 

4- 

4- 
4- 
4- 
4- 
4- 
4- 


Delaunay 


II 

O.OI 

0.08 
9.00 

7.95 
1.08 

O.IO 
O.OI 

•  • 

0.31 
0.36 
0.04 

•  • 

0.01 

O.OI 


.464 
.044 


.042 

.576 
.39s 

.046 
.028 
.022 


.003 
.061 
.071 
.024 
.002 
.005 


4- 
4- 

4- 


O.OI 

0.20 

O.II 
O.OI 


0.61 

6.56 
3.65 

0.46 
0.04 


0.04 
0.60 
0.40 
0.05 
0.03 
0.02 


4 

0.06 

4- 

0.07 

4- 

0.02 

I02 
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Table  IV. — The  Moon's  Latitude — Continued. 


1 

1 

1 

/3 
Hansen, 

p 

» 

^ 

*•' 

sin  I 

sin(/+w) 

s 

sin  0             (i  —  sin  fi 

Delaunay 

Deiaunay 

1 

r"                                             ' 

1 

1 

m  A   %W  rm  w  V  rW0 

(I) 

\ 

(«)• 

— 

6> 

tt 

ti 

1 

It 

•1 

II 

-3 

o 

+ 

.002 

9           • 

+ 

.002 

4- 

.002 

4- 

.001 

.      . 

—  2 

o 

+ 

.022 

•           • 

'    -h 

.022 

4- 

.022 

4- 

.010 

4- 

O.OI 

—  1 

o 

+ 

.096 

— 

.080 

;  + 

.016 

4- 

.016 

4- 

.024 

4- 

0.02 

O 

o 

-h 

.777 

+ 

.015 

,  + 

.792       4- 

.001 

1   4- 

.793 

4- 

.794 

4- 

0.79 

I 

o 

+ 

.009 

+ 

.004 

+ 

.013 

i   + 

.013 

4- 

.035 

4- 

0.03 

-4 

—  I 

— 

.001 

•            • 

.001 

.001 

•           • 

•          • 

-3 

—  I 

— 

.015 

•            • 

"~~ 

.015 

— 

.015 

— 

.005 

— 

O.OI 

—  2 

—  I 

— 

.151 

! .+ 

.041 

— 

.110 

— 

.110 

— 

.080 

— 

0.08 

—  I 

—  I 

— 

1. 174 

+ 

.751 

— 

.423    i 

— 

.423 

— 

.381 

— 

0.38 

O 

—  I 

— 

5.504 

4- 

.821 

— 

4.683    1    - 

.005 

— 

4.688 

— 

4.756 

— 

4.83 

I 

—  I 

— 

.083 

— 

.500 

— 

.583       - 

1 

.001 

— 

.584 

— 

.603 

^^* 

0.60 

2 

—  I 

— 

.cx>4 

^_ 

.030 

.034   1 

1 

— 

.034 

— 

.039 

— 

0.04 

—  2 

—  2 

+ 

.001 

•           • 

+ 

.001 

+ 

.001 

4- 

.002 

•            • 

—  I 

—  2 

•           • 

-f- 

.019 

+ 

.019   ' 

+ 

.019 

4- 

.010 

4- 

O.OI 

O 

—  2 

— 

.015 

— 

.005 

— 

.020 

.020 

— 

.005 

— 

O.OI 

I 

—  2 

— 

.002 

— 

.008 

^ 

.010 

.010 

— 

.018 

— 

0.02 

O 

-3 

-4- 

.002 

•      • 

+ 

.002 

h 

.002 

4- 

.002 

•          • 

2<J  - 

* 

2 

I 

— 

.002 

1           • 

— 

.002   1 

1 

— 

.002 

— 

.002 

•            • 

O 

O 

-4- 

.013 

+ 

.004 

+ 

.017 

4- 

.017 

4- 

.014 

4- 

O.OI 

I 

o 

-h 

.018 

— 

.069 

— 

.051    , 

.051 

— 

.043 

— 

0.04 

2 

o 

-+- 

.796 

— 

.009 

+ 

.787  ;  4- 

001 

4- 

.788 

4- 

.79' 

4- 

0.79 

3 

o 

-f- 

.101 

1           • 

4- 

.101 

4- 

.101 

4- 

.101 

4- 

O.IO 

4 

o 

+ 

.010 

1           • 

+ 

.010  1 

4- 

.010 

4- 

.008 

4- 

O.OI 

o 

—  I 

— 

.023 

— 

043 

— 

.066 

— 

.066 

— 

.062 

— 

0.06 

I 

—  I 

— 

.452 

+ 

577  ' 

+ 

.125 

•4- 

.125 

4- 

.141 

4- 

0.14 

2 

—  I 

— 

5.431 

+ 

186    : 

— 

5.245    - 

006 

— 

5.251 

— 

5.325 

— 

5.40 

3 

—  I 

— 

.659 

-h 

009    1 

— 

.650  1 

— 

.650 

— 

.647 

0.67 

4 

—  I 

— 

.063 

. 

— 

.063  1 

— 

.063 

. — 

.058 

— 

0.06 

5 

—  I 

— 

.006 

•     1 

— 

.006 

— 

.006 

— 

.004 

•              • 

I 

—  2 

— 

.014 

4- 

009  ! 

— 

.005  1 

— 

.005 

•           • 

•            • 

2 

—  2 

— 

.038 

+ 

026   ! 

— 

.012  ■ 

■     ' 

.012 

— 

.013 

— 

O.OI 

3 

—  2 

— 

.011 

1 

• 

— 

.011  1 

— 

.Oil 

— 

.004 

•              • 

4 

—  2 

— 

.002 

• 

— 

.002 

1 

— 

.002 

.      . 

•           • 

2 

-3 

+ 

.002 

.    1 

+ 

.002  1 

1 

4- 

.002 

4- 

.002 

•            • 

2CJ  - 

-3C.' 

1 

o 

—  2 

— 

.002 

.    i 

— 

.CX)2 

— 

.002 

•           • 

•          • 

I 

—  2 

+ 

.003 

•    1 

+ 

.003 

4- 

.003 

4- 

.012 

4- 

O.OI 

2 

—  2 

-h 

.001 

+ 

020 

H- 

.02I 

, 

4- 

.021 

4- 

.033 

4- 

0.03 

—  I 

-3 

— 

.004 

• 

— 

.004 

. 

— 

.004 

— 

.002 

•            • 

O 

-3 

— 

.046 

— 

002 

— 

.048 

— 

.048 

— 

.034 

— 

0.03 

I 

-3 

— 

.071 

— 

224 

— 

.295 

— 

.295 

— 

.290 

— 

0.29 

2 

-3 

+ 

.041 

— 

391 

— 

.350       - 

CX)I 

— 

.351 

— 

.339 

— 

0.34 

3 

-3 

+ 

.OOf 

— 

045 

— 

.044 

. 

— 

.044 

— 

.031 

— 

0.03 

o 

-4 

— 

.003 

• 

— 

.003 

— 

.003 

— 

.001 

.          • 

I 

-4 

— 

.006 

•    1 

— 

.006 

— 

.006 

— 

.017 

— 

0.02 

2 

-4 

-h 

.006 

• 

4- 

.006 

4- 

.006 

• 

"~ 

.021 

0.02 
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Table  IV. — The  Mooris  Latitude — Continued. 


Hansen. 

P 

P 

g    g' 

sin  I 

sin(/4-w)i            s 

sin  /5 

/?  -  sin  /? 

Delaunay 

Delaunay 

1 

t 

K  A   ^^WW^  %r  WW  • 

(I). 

(2). 

5  «  —  4  6)' 

tt 

tt 

n 

n 

1 
1 

II 

II 

it 

3       -2 

— 

.002 

•          • 

. — 

.002 

• 

— 

.002 

•      . 

•                    9 

4       -2 

— 

.001 

— 

.001 

,        — 

.001 

.      • 

•                  9 

2       -3 

+ 

.005 

+ 

.005 

4- 

.005 

.      . 

m             • 

3       -3 

— 

.030 

— 

.030 

— 

.030 

—             .058 

— 

0.06 

4       -3 

— 

.055 

— 

.055 

,      — 

.055 

—             .058 

— 

0.06 

5       -1 

— 

.027 

— 

.027 

,      — 

.027 

—             .020 

— 

0.02 

6       -3 

— 

.005 

— 

.005 

— 

.005 

—             .001 

•              • 

I       -4 

— 

.003 

— 

•  .003 

— 

.003 

•            • 

•              • 

2       -4 

+ 

.019 

+ 

.019 

4- 

.019 

4-             .006 

4- 

O.OI 

3       -4 

-H 

2.415 

-+- 

2.415 

4- 

.00, 

\      -h 

2.419 

4-           2.257 

4- 

2.32 

4       -4 

+ 

3.017 

+ 

3.017 

— 

013      + 

3.004 

4-           2.816 

4- 

2.89 

5       -4 

+ 

1. 204 

+ 

1.204 

— 

.on 

t      4- 

1. 193 

4-            1.079 

4- 

1.09 

6      -4 

-1- 

.216 

+ 

.216 

— 

.OOJ 

8      4- 

.214 

4-             .162 

4- 

0.16 

7       -4 

+ 

.029 

+ 

.029 

1          1 

4- 

.029 

4-             .012 

4- 

O.OI 

8       -4 

■¥ 

.003 

+ 

.003 

»          I 

4- 

.003 

•            • 

.           . 

3       -5 

-4- 

.218 

+ 

.218 

1          1 

4- 

.218 

4-              .168 

-^ 

0.17 

4       -5 

+ 

.347 

+ 

.347 

— 

.001 

t      4- 

.346 

4-             .256 

4- 

0.26 

5       -5 

+ 

.162 

+ 

.162 

— 

.001 

I      4- 

.161 

4-             .102 

4- 

O.IO 

6       -5 

+ 

.031 

4- 

.031 

4- 

.031 

4-             .010 

4- 

O.OI 

7      -5 

+ 

.003 

+ 

.003 

4- 

.003 

•            • 

•            • 

1 

3       -6 

+ 

.012 

+ 

.0:2 

4- 

.012 

4-             .005 

4- 

O.OI 

4      -6 

+ 

.024 

-f 

.024 

4- 

.024 

4-             .008 

4- 

O.OI 

5       -6 

+ 

.013 

■\' 

.013 

4- 

.013 

4-             .003 

•           . 

6       -6 

+ 

.002 

+ 

.002 

1 

4- 

.002 

•           • 

.           . 

4       -7 

+ 

.001 

4- 

.001 

.      -♦- 

.001 

•           • 

.            . 

4  u  —  3  «' 

2        —2 

— 

.002 

•           • 

— 

.002 

— 

.002 

•           • 

.           • 

3      -2 

+ 

.021 

4- 

.021 

4- 

.021 

4-              .018 

4- 

0.02 

4       -2 

4- 

.014 

4- 

.014 

4- 

.014 

-H              .Oil 

4- 

O.OI 

5       -2 

'\' 

.002 

• 

4- 

.002 

4- 

.002 

4-              .002 

.           . 

2      -3 

— 

.054 

— 

.054 

— 

.054 

-              .043 

— 

0.04 

3      -3 

— 

.208 

— 

.208 

— 

.208 

-              .165 

— 

0.17 

4       -3 

— 

.030 

— 

.030 

4- 

.001 

t      — 

.029 

4-              .005 

4- 

O.OI 

5       -3 

— 

.007 

— 

.007 

— 

.007 

4-              .005 

4- 

O.OI 

6      -3 

•— 

.001 

— 

.001 

~ 

.001 

4-              .001 

•           • 

2       -4 

— 

.003 

4 

.003 

— 

.003 

—                .002 

•            • 

3       -4 

— 

.014 

— 

.014 

— 

.014 

—             .005 

— 

O.OI 

auH-u' 

• 

I          I 

-1- 

.001 

•           • 

4- 

.001 

k          1 

+ 

.001 

4-             .001 

•            • 

2          I 

+ 

.035 

» 

1 

4- 

.035 

— 

.oo« 

5      4- 

.030 

4-             .032 

H- 

0.03 

3          I 

+ 

.004 

» 

1 

4- 

.004 

— 

001 

[      4- 

.003 

4-             .004 

.            . 

I          0 

+ 

.0-02 

t 

\ 

4- 

.002 

1              \ 

4- 

.002 

•            • 

.           . 

2          0 

+ 

.001 

4 

1           1 

4- 

.001 

4- 

OOJ 

t      4- 

.002 

•           • 

.          . 

4«  —  «' 

4          0 

•      • 

•           • 

•              • 

1 

,001 

t      — 

.001 

•            • 

.           . 

3       -I 

-+- 

.003 

•           • 

+ 

.003 

^"" 

001 

[      + 

.002 

4-             .002 

.           . 

4       -I 

•          • 

•           • 

•       . 

4- 

.00( 

• 

)      4- 

.005 

4-             .005 

4- 

O.OI 

5       -I 

•          • 

•           • 

«       . 

-r 

,00] 

t      4- 

.001 

.      . 

•           • 
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^    ^' 

sin  I  sin(/+w) 

s 

sin)3 

-3«' 

II 

00 

II 

-'       -3 

^"^                             • 

002 

•               • 

—             , 

.002 

o      -3 

■"* 

015 

•               • 

— 

015 

5  Q  —  2  w' 

4       -I 

• 

»           • 

5       -I 

1          • 

• 

• 

2         —2 

+ 

004 

+ 

004 

3       -2 

— 

.089 

— 

089 

4       -2 

— 

.060 

— 

,060 

5      -2 

— 

.008 

— 

.008 

6        -2 

■           • 

■           • 

7       -2 

■           • 

• 

•           ■ 

3      -3 

— 

.004 

— 

.004 

4       -3 

— 

.004 

— 

.004 

5       -3 

1          • 

ft           • 

6      -3 

1           • 

ft           • 

4q  —  5w' 

I       -5 

+ 

,001 

•                • 

4- 

.001 

2         — C 

^"^ 

.001 

•                • 

— 

.001 

3      -5 

+ 

.001 

•               • 

+ 

.001 

6  cj  —  5  w' 

4       -5 

"'"" 

.005 

•               • 

— 

.005 

5       -5 

m^a^ 

.002 

•               • 

— 

.002 

7  o  —  6  w' 

4       -6 

4- 

.031 

•               • 

•f 

.031 

5       -6 

+ 

.060 

+ 

.060 

6       -6 

+ 

.043 

-H 

.043 

7       -6 

+ 

.014 

+ 

.014 

8       -6 

4- 

.002 

+ 

.002 

4       -7 

+ 

.004 

+ 

.004 

5       -7 

+ 

.010 

+ 

.010 

6      -7 

+ 

.008 

+ 

.008 

7       -7 

+ 

.001 

+ 

.001 

7  w  —  4  w' 

4       -4 

— 

.001 

•               • 

— 

.001 

5       -4 

— 

,001 

•               • 

— 

.001 

6       -4 

•      • 

•               • 

•            . 

7       -4 

•      • 

•               • 

•           • 

3  o  +  2  w' 

2             2 

■      • 

•               • 

•           • 

3           2 

»      . 

■               • 

•            • 

50 

4          0 

•     • 

•               • 

•          • 

5          0 

•      . 

■                • 

•            • 

6          0 

•      . 

•               • 

.           • 

/3  -  sin  ^ 


-I- 


+ 


P 
Hansen,  ' 


II 


.001 
.001 

•  • 

.024 
.186 

.137 
.030 
.004 
.001 
.008 
.009 
.002 


•      • 


.      . 


4- 
4- 


4- 
+ 


—  .004 

—  .006 

—  .003 

—  .001 

+  .002 

4-  .001 

4-  .006 

4-  .002 


4- 
+ 
4- 


II 


.002 
.015 

.001 
.001 
.004 
.065 
.246 

.145 
.030 

.004 

.003 

.012 

.009 

.002 


.001 
.001 
.001 


.005 
.002 


.031 
.060 

.043 
.014 

.002 

.004 

.010 

.008 

.001 


.001 
.005 
.006 
.003 

.001 
.002 


,001 
.006 
.002 


Delauftay 
(I). 


4- 
4- 
4- 


4- 
4- 
+ 
4- 


4- 
4- 

4- 
4- 
+ 


II 

.002 
.010 


.003 
.002 
.002 
.068 
.246 
.142 
.028 
.003 
.003 
.Oil 
.008 
.001 


«  . 
.002 
.004 


.001 

Oil 
020 
012 
002 


.  • 
.002 
.002 


.001 
.002 


,002 
,006 
.002 


P 
Delaunay 

(2). 


4- 
4- 
4- 


90 


•  • 


O.OI 


0.07 
0.25 
0.14 
0.03 


O.OI 
O.OI 


O.OI 

0.02 

O.OI 


•  • 


•  • 


•  • 


O.OI 
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Table  V. — The  Moon's  Parallax. 


i 

^' 

D(i  +  rcos/) 

Pert. 

Hansen's 

sine 
Parallax. 

Delaunay's 

sine 

Parallax. 

(I) 

Delaunay's 

sine 

Parallax. 

(2) 

Da- 

-Di 

H- 

-D, 

Adams' 

sine 
Parallax. 

tt 

1 

f 

n 

n 

ti 

II 

0 

0 

3399.682 

4-      22 

.405 

3422.09 

3422.7 

3422.7 

0 

— 

61 

3422.32 

I 

0 

+ 

186.547 

t 

.064 

4- 

186.483 

4- 

186.587 

4- 

186.55 

— 

4 

— 

7 

4- 

186.51 

3 

0 

+ 

10.220 

— 

.059 

4- 

10.161 

4- 

10.198 

4- 

10.20 

0 

— 

4 

4- 

10.17 

<« 
J 

0 

+ 

.627 

— 

.007 

4- 

.620 

4- 

.631 

4- 

0.63 

0 

— 

I 

4- 

0.63 

4 

0 

+ 

.040 

»           • 

4- 

.040 

4- 

.041 

4- 

0.04 

0 

0 

4- 

0.04 

5 

0 

+ 

.003 

•           • 

4- 

.003 

4- 

.003 

•           • 

• 

• 

.      . 

-4 

—  I 

— 

.001 

i           • 

— 

.001 

•            • 

•           • 

• 

• 

.      • 

-3 

—  f 

— 

.007 

— 

.003 

— 

.010 

— 

.006 

— 

O.OI 

0 

0 

•      . 

—2 

—  I 

-- 

.067 

— 

.055 

— 

.122 

— 

.092 

— 

0.09 

0 

4- 

3 

— 

O.IO 

—  I 

—  I 

— 

.304 

— 

.657 

— 

.961 

— 

.912 

— 

0.93 

4- 

2 

4- 
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Table  V. — The  Moon's  Parallax — Continued, 
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Table  V. — The  Mooris  Parallax — Continued. 
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I^OTE. 


The  probability  that  the  most  accurate  method  of  determining  the  solar  parallax 
now  available  is  that  resting  on  the  measurement  of  the  velocity  of  light,  has  led  to 
the  acceptance  of  the  following  paper  as  one  of  the  series  having  in  view  the  increase 
of  our  knowledge  of  the  celestial  motions.  The  researches  described  in  it,  having 
been  made  at  the  United  States  Naval  Academy,  though  at  private  expense,  were 
reported  to  the  Honorable  Secretary  of  the  Navy,  and  referred  by  him  to  this  Office- 
At  the  suggestion  of  the  writer,  the  paper  was  reconstructed  with  a  fuller  general 
discussion  of  the  processes,  and  with  the  omission  of  some  of  the  details  of  individual 
experiments. 

To  prevent  a  possible  confusion  of  this  determination  of  the  velocity  of  light  with 
another  now  in  progress  under  official  auspices,  it  may  be  stated  that  the  credit  and 
responsibility  for  the  present  paper  rests  with  Master  Michelson. 

SIMON  NEWCOMB, 

Professor^  U.  S.  Navj/j 
Superintendent  Nautical  Almanac. 
Nautical  Almanac  Office, 
Bureau  of  Navigation, 
Navy  Department, 

Washington^  February  20,  1880. 
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EXPERIMENTAL  DETERMINATION  OF  THE  VELOCITY  OF  LIGHT. 


By  Albert  A.  Miohelson,  Master^  U.  8.  y. 


INTRODUCTION. 


In  Coma's  elaborate  memoir  upon  the  determination  of  the  velocity  of  light,  sev- 
eral objections  are  made  to  the  plan  followed  by  Foucault,  which  will  be  considered 
in  the  latter  part  of  this  work.  It  may,  however,  be  stated  that  the  most  important 
among  these  was  that  the  deflection  was  too  small  to  be  measured  with  the  required 
degi'ee  of  accuracy.  In  order  to  employ  this  method,  therefore,  it  was  absohitely 
necessary  that  the  deflection  should  be  increased. 

In  November,  1877,  a  modification  of  Foucault's  arrangement  suggested  itself, 
by  which  this  result  could  be  accomplished.  Between  this  time  and  March  of  the 
following  year  a  number  of  preliminary  experiments  were  performed  in  order  to 
familiarize  myself  with  the  optical  arrangements  The  first  experiment  tried  with  the 
revolving  mirror  produced  a  deflection  considerably  greater  than  that  obtained  by 
Foucault  Thus  far  the  only  apparatus  used  was  such  as  could  be  adapted  from  the 
apparatus  in  the  laboratory  of  the  Naval  Academy. 

At  the  expense  of  $10  a  revolving  mirror  was  made,  which  could  execute  128 
turns  per  second.  The  apparatus  was  installed  in  May,  1878,  at  the  laboratory.  The 
distance  used  was  5CX)  feet,  and  the  deflection  was  about  twenty  times  that  obtained 
by  Foucault.* 

These  experiments,  made  with  very  crude  apparatus  and  under  great  difficulties, 
gave  the  following  table  of  results  for  the  velocity  of  light  in  miles  per  second: 

186730 
188820 
186330 

185330 
187900 

184500 

186770 

185000 

185800 

187940 


Mean  1 86500  ±  300  miles  per  second, 
or  300140  kilometera  per  second 


*  See  Proc.  Am.  Assoc.  Adv.  Science,  Saint  Louis  meeting. 
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In  the  following  July  the  sum  of  82,000  was  placed  at  my  disposal  by  a  private 
gentleman  for  carrying  out  these  experiments  on  a  large  scale.  Before  ordering  any 
of  the  instiiiments,  however,  it  was  necessary  to  find  whether  or  not  it  was  practicable 
to  use  a  large  distance.  With  a  distance  (between  the  revolving  and  the  fixed  mirror) 
of  500  feet,  in  the  preliminary  experiments,  the  field  of  light  in  the  eye-piece  was 
somewhat  limited,  and  there  was  considerable  indistinctness  in  the  image,  due  to 
atmospheric  disturbances. 

Accordingly,  the  same  lens  (39  feet  focus)  was  employed,  being  placed,  together 
with  the  other  pieces  of  apparatus,  along  the  north  sea-wall  of  the  Academy  grounds, 
the  distance  being  about  2,000  feet.  The  image  of  the  slit,  at  noon,  was  so  con- 
fused as  not  to  be  recognizable,  but  toward  sunset  it  became  clear  and  steady,  and 
measurements  were  made  of  its  position,  which  agreed  within  one  one-hundredth  of  a 
millimeter.  It  was  thus  demonstrated  that  with  this  distance  and  a  deflection  of  100 
millimeters  this  measurement  could  be  made  within  the  ten-thousandth  part. 

In  order  to  obtain  this  deflection,  it  was  sufficient  to  make  the  mirror  revolve  250 
times  per  second  and  to  use  a  ** radius"  of  about  30  feet.  In  order  to  use  this  large 
radius  (distance  from. slit  to  revolving  mirror),  it  was  necessary  that  the  mirror  should 
be  large  and  optically  true;  also,  that  the  lens  should  be  large  and  of  great  focal 
length  Accordingly  the  mirror  was  made  i  ^  inches  in  diameter,  and  a  new  lens,  8 
inches  in  diameter,  with  a  focal  length  of  1 50  feet  was  procured. 

In  January,  1879,  an  observation  was  taken,  using  the  old  lens,  the  mirror  mak- 
ing 128  turns  per  second.  The  deflection  was  about  43  millimeters.  The  micrometer 
eye-piece  used  was  substantially  the  same  as  Foucault's,  except  that  part  of  the  in- 
clined plate  of  glass  was  silvered,  thus  securing  a  much  greater  quantity  of  light 
The  deflection  having  reached  43  millimeters,  the  inclined  plate  of  glass  could  be  dis- 
pensed with,  the  light  going  past  the  observer's  head  through  the  slit,  and  returning 
43  millimeters  to  the  left  of  the  slit,  where  it  could  be  easily  observed. 

Thus  the  micrometer  eye-piece  is  much  simplified,  and  many  possible  sources  of 
error  are  removed. 

The  field  was  quite  limited,  the  diameter  being,  in  fact,  but  little  greater  than  the 
width  of  the  slit.  This  would  have  proved  a  most  serious  objection  to  the  new  ar- 
rangement. With  the  new  lens,  however,  this  difficulty  disappeared,  the  field  being 
about  twenty  times  the  width  of  the  slit.  It  was  expected  that,  with  the  new  lens,  the 
image  would  be  less  distinct;  but  the  difi*erence,  if  any,  was  rmall,  and  was  fully  com- 
pensated by  the  greater  size  of  the  field. 

The  first  observation  with  the  new  lens  was  made  January  30,  1879.  The  de- 
flection was  70  millimeters.  The  image  was  sufficiently  bright  to  be  observed  with- 
out the  slightest  effort.  The  first  observation  with  the  new  micrometer  eye-piece  was 
made  April  2,  the  deflection  being  115  millimeters. 

The  first  of  the  final  series  of  observations  was  made  on  June  5.  All  the  obser- 
vations previous  to  this,  thirty  sets  in  all,  were  rejected.  After  this  time,  no  set  of 
observations  nor  any  single  observation  was  omitted. 
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THEOEY  OF  NEW  METHOD. 


Fig.  1. 


Let  S,  Fig.  I,  be  a  slit,  through  which  light  passes,  falling  on  R,  a  min'or  free  to 
rotate  about  an  axis  at  right  angles  to  the  plane  of  the  paper;  L,  a  lens  of  great  focal 
length,  upon  which  the  light  falls  which  is  reflected  from  R.  Let  M  be  a  plane  miiTor 
whose  surface  is  perpendicular  to  the  line  R,  M,  passing  through  the  centers  of  R,  L, 
and  M,  respectively.  If  L  be  so  placed  that  an  image  of  S  is  formed  on  the  surface 
of  M,  then,  this  image  acting  as  the  object,  its  image  will  be  formed  at  S,  and  will 
coincide,  point  for  point,  with  S. 

If,  now,  R  be  turned  about  the  axis,  so  long  as  the  light  falls  upon  the  lens,  an 
image  of  the  slit  will  still  be  formed  on  the  surface  of  the  mirror,  though  on  a  different 
part,  and  as  long  as  the  returning  light  falls  on  the  lens  an  image  of  this  image  will 
be  formed  at  S,  notwithstanding  the  change  of  position  of  the  first  image  at  M.  This 
result,  namely,  the  production  of  a  stationary  image  of  an  image  in  motion,  is  abso- 
lutely necessary  in  this  method  of  experiment.  It  was  first  accomplished  by  Foucault, 
and  in  a  manner  differing  apparently  but  little  from  the  foregoing. 


Fig  2. 


In  his  experiments  L,  Fig.  2,  served  simply  to  form  the  image  of  S  at  M,  and  M, 
the  returning  mirror,  was  spherical,  tlie  center  coinciding  with  the  axis  of  R.  The  lens 
L  was  placed  as  near  as  possible  to  R  The  light  forming  the  return  image  lasts,  in  this 
case,  while  the  first  image  is  sweeping  over  the  face  of  the  mirror,  M.  Hence,  the 
greater  the  distance  R  M,  the  larger  must  be  the  mirror  in  order  that  the  same  amount 
of  hght  may  be  preserved,  and  its  dimensions  would  soon  become  inordinate.  The 
difficulty  was  partly  met  by  Foucault,  by  using  five  concave  reflectors  instead  of  one, 
but  even  then  the  greatest  distance  he  found  it  practicable  to  use  was  only  20  meters. 

Returning  to  Fig.  i,  suppose  that  R  is  in  the  principal  focus  of  the  lens  L;  then, 
if  the  plane  mirror  M  have  the  same  diameter  as  the  lens,  the  first,  or  moving  imago, 
will  remain  upon  M  as  long  as  the  axis  of  the  pencil  of  light  remains  on  the  lens,  and 
this  will  be  the  case  no  matter  ivhat  the  distance  may  be. 

When  the  rotiition  of  the  mirror  R  becomes  sufficiently  rapid,  then  the  flashes  of 

light  which  produce  the  second  or  stationary  image  become  blended,  so  that  the  image 

appears  to  be  continuous.     But  now  it  no  longer  coincides  with  the  slit,  but  is  deflected 

in  the  direction  of  rotation,  and  through  twice  the  angular  distance  described  by  the 
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mirror,  during  the  time  required  for  light  to  travel  twice  the  distance  between  the 
mirrors.  This  displacement  is  measured  by  the  tangent  of  the  arc  it  subtends.  To 
make  this  as  large  as  possible,  the  distance  between  the  mirrors,  the  radius,  and  the 
speed  of  rotation  should  be  made  as  great  as  possible. 

The  second  condition  conflicts  with  the  first,  for  the  radius  is  the  diflference  be 
tween  the  focal  length  for  parallel  rays,  and  that  for  rays  at  the  distance  of  the  fixed 
mirror.     The  greater  the  distance,  therefore,  the  smaller  will  be  the  radius. 

There  are  two  ways  of  solving  the  difficulty:  first,  by  using  a  lens  of  great  focal 
length;  and  secondly,  by  placing  the  revolving  mirror  within  the  principal  focus  of 
the  lens.  Both  means  were  employed.  The  focal  length  of  the  lens  was  1 50  feet,  and 
the  mirror  was  placed  about  1 5  feet  within  the  principal  focus.  A  limit  is  soon  reached, 
however,  for  the  quantity  of  light  received  diminishes  very  rapidly  as  the  revolving 
mirror  approaches  the  lens. 

ARRANGEMENT  AND  DESCRIPTION  OF  APPARATUS. 

SITE  AND  PLAN. 

The  site  selected  for  the  experiments  was  a  clear,  almost  level,  stretch  along  the 
north  sea-wall  of  the  Naval  Academy.  A  frame  building  was  erected  at  the  western 
end  of  the  line,  a  plaiv  of  which  is  represented  in  Fig.  3. 
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Fig  3. 


The  building  was  45  feet  long  and  14  feet  wide,  and  raised  so  that  the  line  along 
which  the  light  traveled  was  about  1 1  feet  above  the  ground.  A  heliostat  at  H  re- 
flected the  sun's  rays  through  the  slit  at  S  to  the  revolving  mirror  R,  thence  through 
a  hole  in  the  shutter,  through  the  lens,  and  to  the  distant  mirror. 


THE   HELIOSTAT. 


The  heliostat  was  one  kindly  furnished  by  Dr.  Woodward,  of  the  Army  Medical 
Museum,  and  was  a  modification  of  Foucault's  form,  designed  by  Keith.  It  was  found 
to  be  accurate  and  easy  to  adjust.  The  light  was  reflected  from  the  heliostat  to  a 
plane  mirror,  M,  Fig.  3,  so  that  the  former  need  not  be  disturbed  after  being  once 
adjusted. 
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The  revolving  mirror  was  made 
by  Fauth  &  Co.,  of  Washington. 
It  consists  of  a  cast-iron  &ame  rest- 
ing on  three  leveling  screws,  one 
of  whicli  was  connected  hy  cords 
to  tlie  table  at  S,  Fig.  3,  so  that  the 
mirror  could  be  inclined  forward 
or  backward  while  making  the  ob- 
servations. 

Two  binding  screws,  S,  S,  Fig. 
4,  terminating    in    Iiardened    steel 
conical  sockets,  hold  the  revolving 
part.     This  consists  of  a  steel  axle, 
X,  Y,  Figs.  4  and  5,  the  pivots  being 
conical  and  hardened.    The  axle 
expands   into   a  ring   at   R, 
which    holds  the  mirror   M. 
The  latter  was  a  disc  of  plane 
glass,  made  by  Alvan  Clark 
&  Sons,  about  i^  inch  in  dia- 
meter and    0.2   inch    thick. 
It  was  silvered  on  one  side 
only,  the    reflection    taking 
place  from  the  outer  or  front 
— .    surface.    A  species  of  turbine 

,    wheel,  T,  is  held  on  the  axle 

by  friction.  This  wheel  has 
six  openings  for  the  escape  of 
airj  a  section  of  one  of  them 
is  represented  in  Fig  6. 

ADJUSTMENT  OF  THE  HEVOLT- 
ING   HIRKOR. 

The  air  entering  on  one 
side  at  O,  Fig.  5,  acquires  a 
rotary  motion  in  the  box  B, 
B,  carrying  the  wheel  with  it, 
and  this  motion  is  assisted  by 
the  reaction  of  the  air  in  es- 
caping. The  disc  C  serves 
the  purpose  of  bringing  the 
center  of  gravity  in  the  axis 
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Fig.  7. 


of  rotation.  This  was  done,  following  Foucault's  plan,  by  allowing  the  pivots  to 
rest  on  two  inclined  planes  of  glass,  allowing  the  arrangement  to  come  to  rest,  and 
filing  away  the  lowest  part  of  the  disc  ;  trying  again,  and  so  on,  till  it  would  rest  in 
indifferent  equilibrium.  The  part  corresponding  to  C,  in  Foucault's  apparatus,  was 
furnished  with  three  vertical  screws,  by  moving  which  the  axis  of  figure  was  brought 
into  coincidence  with  the  axis  of  rotation.  This  adjustment  was  very  troublesome. 
Fortunately,  in  this  apparatus  it  was  found  to  be  unnecessary. 

When  the  adjustment  is  perfect  the  apparatus  revolves  without  giving  any  sound, 
and  when  thijj  is  accomplished,  the  motion  is  regular  and  the  speed  great  A  slight 
deviation  causes  a  sound  due  to  the  rattling  of  the  pivots  in  the  sockets,  the  speed  is 
very  much  diminished,  and  tlie  pivots  begin  to  wear.  In  Foucault's  apparatus  oil 
was  furnished  to  the  pivots,  through  small  holes  running  througli  the  screws,  by  pres- 
sure of  a  column  of  mercury.     In  this  apparatus  it  was  found  sufficient  to  touch  the 

pivots  occasionally  with  a  drop 
of  oil. 

Fig.  7  is  a  view  of  the  tur- 
bine, box,  and  supply-tube,  fi-om 
above.  The  quantity  of  air  enter- 
ing could  be  regulated  by  a  valve 
to  which  was  attached  a  cord  lead- 
ing to  the  observer's  table. 

The  instrument  was  mounted 
on  a  brick  pier. 

THE    MICROMETER. 

The  apparatus  for  measuring  the  deflection  was 
made  by  Grunow,  of  New  York. 

This  instrument  is  shown  in  perspective  in  Fig.  8, 
and  in  plan  by  Fig.  9.  The  adjustable  slit  S  is  clamped 
to  the  frame  F.  A  long  millimeter-screw,  not  shown 
in  Fig.  8,  terminating  in  the  divided  head  D,  moves  the 
carriage  C,  which  supports  the  eye-pieceE.  The  fi-ame 
is  furnished  with  a  brass  scale  at  F  for  counting  revolu- 
tions, the  head  counting  hundredths.  The  eye-piece 
consists  of  a  single  achromatic  lens,  whose  focal  length 
is  about  two  inches  At  its  focus,  in  H,  and  in  nearly 
the  same  plane  as  the  face  of  the  slit,  is  a  single  vertical 
silk  fiber.  The  apparatus  is  furnished  with  a  standard 
with  rack  and  pinion,  and  the  base  furnished  with  level- 
Fio.  8.  ing  screws. 

MANNER   OF   USING    THE    MICROMETER. 

In  measuring  the  deflection,  the  eye-piece  is  moved  till  the  cross-hair  bisects  the 
slit,  and  the  reading  of  the  scale  and  divided  head  gives  the  position.  This  measure- 
ment need  not  be  repeated  unless  the  position  or  width  of  the  sht  is  changed.     Then 
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the  eye-piece  is  moved  till  the  cross-hair  bisects  the  deflected  image  of  the  slit;  the 
reading  of  scale  and  head  are  again  taken,  and  the  difference  in  readings  gives  the 
deflection.  The  screw  was  found  to  have  no  lost  motion,  so  that  readings  could  be 
taken  with  the  screw  turned  in  either  direction. 


MEASUREMENT  OF  SPEED  OF  ROTATION. 

To  measure  the  speed  of  rotation,  a  tuning-fork,  bearing  on  one  prong  a  steel 
mirror,  was  used.  This  was  kept  in  vibration  by  a  current  of  electricity  from  five 
"gravity"  cells.  The  fork  was  so  placed  that  the  light  from  the  revolving  mirror  was 
reflected  to  a  piece  of  plane  glass,  in  front  of  the  lens  of  the  eye-piece  of  the  microme- 
ter, inclined  at  an  angle  of  45^,  and  thence  to  Ihe  eye.  When  fork  and  revolving  mirror 
are  both  at  rest,  an  image  of  the  revolving  mirror  is  seen.  When  the  fork  vibrates, 
this  image  is  drawn  out  into  a  band  of  light. 

When  the  mirror  commences  to  revolve,  this  band  breaks  up  into  a  number  of 
moving  images  of  the  mirror;  and  when,  finally,  the  mirror  makes  as  many  turns  as 
the  fork  makes  vibrations,  these  images  are  reduced  to  one,  which  is  stationary.  This 
is  also  the  case  when  the  number  of  turns  is  a  submultiple.  When  it  is  a  multiple  or 
simple  ratio,  the  only  difference  is  that  there  are  more  images.  Hence,  to  make  the 
mirror  execute  a  certain  number  of  turns,  it  is  simply  necessary  to  pull  the  cord 
attached  to  the  valve  to  the  right  or  left  till  the  images  of  the  revolving  mirror  come 
to  rest. 

The  electric  fork  made  about  128  vibrations  per  second.  No  dependence  was 
placed  upon  this  rate,  however,  but  at  each  set  of  observations  it  is  compared  with  a 
standard  Utg  fork,  the  temperature  being  noted  at  the  same  time.  In  making  the 
comparison  the  sound-beats  produced  by  the  forks  were  counted  for  60  seconds.  It 
is  interesting  to  note  that  the  electric  fork,  as  long  as  it  remained  untouched  and  at 
the  same  temperature,  did  not  change  its  rate  more  than  one  or  two  hundredths  vibra- 
tions per  second. 
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THE   OBSEEVEE'S   TABLE. 

Fig.  9  represents  the  table  at  which  the  observer  sits.  The  light  from  the  heli- 
ostat  passes  through  the  slit  at  S,  goes  to  the  revolving  mirror,  &c.,  and,  on  its  return, 
forms  an  image  of  the  slit  at  D,  which  is  observed  through  the  eye-piece.  E  repre- 
sents the  electric  fork  (the  prongs  being  vertical)  bearing  the  steel  mirror  M.  K  is 
the  standard  fork  on  its  resonator.  C  is  the  cord  attached  to  the  valve  supplying  air 
to  the  turbine. 

THE   LENS. 

The  lens  was  made  by  Alvan  Clark  &  Sons.  It  was  8  inches  in  diameter ;  focal 
length,  150  feet;  not  achromatic.  It  was  mounted  in  a  wooden  frame,  which  was 
placed  on  a  support  moving  on  a  slide,  about  1 6  feet  long,  placed  about  80  feet  from 
the  building.  As  the  diameter  of  the  lens  was  so  small  in  comparison  with  its  focal 
length,  its  want  of  achromatism  was  inappreciable.  For  the  same  reason,  the  effect  of 
"parallax"  (due  to  want  of  coincidence  in  the  plane  of  the  image  with  that  of  the  silk 
fiber  in  the  eye-piece)  was  too  small  to  be  noticed. 

THE    FIXED    MIRROR. 

The  fixed  mirror  was  one  of  those  used  in  taking  photographs  of  the  transit  of 
Venus.  It  was  about  7  inches  in  diameter,  mounted  in  a  brass  frame  capable  of 
adjustment  in  a  vertical  and  a  horizontal  plane  by  screw  motion.  Being  wedge-shaped, 
it  had  to  be  silvered  on  the  front  surface.  To  facilitate  adjustment,  a  small  telescope 
furnished  with  cross-hairs  was  attached  to  the  mirror  by  a  universal  joint  The  heavy 
frame  was  mounted  on  a  brick  pier,  and  the  whole  surrounded  by  a  wooden  case  to 
protect  it  from  the  sun. 

ADJUSTMENT   OP   THE   FIXED    MIRROR. 

The  adjustment  was  effected  as  follows:  A  theodolite  was  placed  at  about  100 
feet  in  front  of  the  mirror,  and  the  latter  was  moved  about  by  the  screws  till  the 
observer  at  the  theodolite  saw  the  image  of  his  telescope  reflected  in  the  center  of  the 
mirror.  Then  the  telescope  attached  to  the  mirror  was  pointed  (without  moving  the 
mirror  itself  )*at  a  mark  on  a  piece  of  card-board  attached  to  the  theodolite.  Thus  the 
line  of  coUimation  of  the  telescope  was  placed  at  right  angles  to  the  surface  of  the 
mirror.  The  theodolite  was  then  moved  to  1,000  feet,  and,  if  found  necessaiy,  the 
adjustment  was  repeated.  Then  the  mirror  was  moved  by  the  screws  till  its  telescope 
pointed  at  the  hole  in  the  shutter  of  the  building.  The  adjustment  was  completed  by 
moving  the  mirror,  by  signals,  till  the  observer,  looking  through  the  hole  in  the  shut- 
ter, through  a  good  spy-glass,  saw  the  image  of  the  spy-glass  reflected  centrally  in  the 
mirror. 

The  whole  operation  was  completed  in  a  little  over  an  hour. 

Notwithstanding  the  wooden  case  about  the  pier,  the  mirror  would  change  its 
position  between  morning  and  evening;  so  that  the  last  adjustment  had  to  be  repeated 
before  every  series  of  experiments. 
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APPARATUS  FOB  SUPPLYING   AND  REGULATING  THE   BLAST  OP  AIR. 

Fig.  ID  represents  a  plan  of  the  lower  floor  of  the  building,  E  is  a  three-horse 
power  Lovegrove  engine  and  boiler,  resting  on  a  stone 
foundation ;  B,  a  small  Roots'  blower ;  G,  an  automatic 
regulator.  From  this  the  air  goes  to  a  delivery-pipe,  up 
through  the  floor,  and  to  the  turbine.  The  engine  made 
about  4  turns  per  second  and  the  blower  about  1 5.  At 
this  speed  the  pressure  of  the  air  was  about  half  a  pound 
per  square  inch. 

The  regulator,  Fig.   1 1 ,  consists  of  a  strong  bellows 
supporting  a  weight  of  370  pounds,  partly  counterpoised 
by  80  pounds  in  order  to  prevent  the  bellows  from  sag- 
ging.    When  the  pressure  of  air  from  tlie  blower  exceeds 
the  weight,  the  bellows  commences  to  rise,  and,  in  so  doing,  closes  the  valve  V. 


This  arrangement  was  found  in  practice  to  be  insufficient,  and  the  following  ad- 
dition was  made;  A  valve  was  placed  at  P,  and  the  pipe  was  tapped  a  little  farther 
on,  and  a  rubber  tube  led  to  a  water-gauge,  Fig  12.  The  column  of  water  in  the 
smaller  tube  is  depressed,  and,  when  it  reaches  the  horizontal  par^of  the  tube,  the 
slightest  variation  of  pressure  sends  the  column  from  one  end  to  the  other.  This  is 
checked  by  an  assistant  at  the  valve;  so  that  the  column  of  water  is  kept  at  about  the 
same  place,  and  the  pressure  thus  rendered  very  nearly  constant.  The  result  was 
satisfactory,  though  not  in  the  degree  anticipated.  It  was  possible  to  keep  the  mirror 
at  a  constant  speed  for  three  or  four  seconds  at  a  time,  and  this  was  sufficient  for  an 
observation.    Still  it  would  have  been  more  convenient  to  keep  it  so  for  a  longer  time. 

I  am  inclined  to  think  that  the  variations  were  due  to  changes  in  the  friction  of 
the  pivots  rather  than  to  changes  of  pressure  of  the  blast  of  air. 
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It  may  be  mentioned  that  the  test  of  uniformity  was  very  delicate,  as  a  change 
of  speed  of  one  or  two  hundredths  of  a  turn  per  second  could  easily  be  detected. 

METHOD    FOLLOWED    IN    EXPERIMENT. 

It  was  found  that  the  only  time  during  the  day  when  the  atmosphere  was  suf- 
ficiently quiet  to  get  a  distinct  image  was  during  the  hour  afiter  sunrise,  or  during  the 
hour  before  sunset.  At  other  times  the  image  was  "boiling"  so  as  not  to  be  recogniza- 
ble. In  one  experiment  the  electric  light  was  used  at  night,  but  the  image  was  no 
more  distinct  than  at  sunset,  and  the  light  was  not  steady. 

The  method  followed  in  experiment  was  as  follows:  The  fire  was  started  half 
an  hour  before,  and  by  the  time  everything  was  ready  the  gauge  would  show  40  or 
50  pounds  of  steam.  The  min-or  was  adjusted  by  signals,  as  before  described.  The 
heliostat  was  placed  and  adjusted.  The  revolving  mirror  was  inclined  to  the  right  or 
left,  so  that  the  direct  reflection  of  light  from  the  slit,  which  otherwise  would  flash 
into  the  eye-piece  at  every  revolution,  fell  either  above  or  below  the  eye-piece.* 

The  revolving  mirror  was  then  adjusted  by  being  moved  about,  and  inclined  for- 
ward and  backward,  till  the  light  was  seen  reflected  back  from  the  distant  mirror. 
This  light  was  easily  seen  through  the  coat  of  silver  on  the  mirror. 

The  distance  between  the  front  face  of  the  revolving  mirror  and  the  cross-hair  of 
the  eye-piece  was  then  measured  by  stretching  from  the  one  to  the  other  a  steel  tape, 
making  the  drop  of  the  catenary  about  an  inch,  as  then  the  error  caused  by  the 
stretch  of  the  tape  and  that  due  to  the  curve  just  counterbalance  each  other. 

The  position  of  the  slit,  if  not  determined  before,  was  then  found  as  before 
described.  The  electric  fork  was  started,  the  temperature  noted,  and  the  sound-beats 
between  it  and  the  standard  fork  counted  for  60  seconds.  This  was  repeated  two  fir 
three  times  before  every  set  of  observations. 

The  eye-piece  of  the  micrometer  was  then  set  approximately  t  and  the  revolving 
mirror  started.  If  the  image  did  not  appear,  the  mirror  was  inclined  forward  or  back- 
ward till  it  came  in  sight. 

The  cord  connected  with  the  valve  was  pulled  right  or  left  till  the  images  of  the 

•  revolving  mirror,  represented  by  the  two  bright  round  spots  to  the  left 
of  the  cross-hair,  came  to  rest.  Then  the  screw  was  turned  till  the 
cross-hair  bisected  the  deflected  image  of  the  slit  This  was  repeated 
till  ten  observations  were  taken,  when  the  mirror  was  stopped,  tem- 
perature noted,  and  beats  counted.  This  was  called  a  set  of  observa- 
tions. Usually  five  such  sets  were  taken  morning  and  evening, 
rio.  13.  Fig.  13  represents  the  appearance  of  the  image  of  the  slit  as 

seen  in  the  eye-piece  magnified  about  five  times. 

*  OtLerwiso  tliiH  light  w»ul«i  ovori«'*'er  that  which  fonna  the  image  to  be  obaerved.  Aa  far  as  I  am  awar«,  Pon- 
canlt  docH  not  speak  of  this  dillkulty.  If  he  uUowud  this  lifiht  to  intiMfere  with  the  brightueBB  of  the  image,  he 
iiugli-ct«d  a  must  obvious  advantage.  If  he  did  incline  the  axis  of  tho  mirror  to  the  right  or  left,  he  makes  no  allow- 
ance for  tho  errot  thns  introduced. 

IThe  deflection  heiug  measured  Ijy  its  tangent,  it  was  necessary  that  the  scale  sbould  be  at  right  angles  to  the 
radius  (the  radius  drawn  from  the  mirror  to  one  or  the  other  end  of  thut  part  of  the  scale  which  represents  this  tan- 
g«Dt).  This  was  done  hy  setting  the  eye-piece  approximately  to  the  expected  deflection,  and  turning  the  whole 
iDicromet«r  about  a  vertical  axis  till  tho  cross-hair  bisected  tho  circular  field  of  light  reAect«d  from  the  leTolving 
mirror.  Tlie  axis  of  the  eye-piece  being  at  right  angles  to  the  scale,  tho  latter  woold  be  at  right  angles  to  radina 
dntwn  to  tlie  oroes-hair. 
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DBTEEMINATION  OF  THE  CONSTANTS. 

COMPARISON  OP  THE  STEEL  TAPE  WITH  THE  STANDARD  YARD. 

The  steel  tape  used  was  one  of  Chesterman's,  loo  feet  long.  It  was  compared 
with  Wurdeman's  copy  of  the  standard  yard,  as  follows: 

Temperature  was  55°  Fahr. 

The  standard  yard  was  brought  under  the  microscopes  of  the  comparator;  the 
cross-hair  of  the  unmarked  microscope  was  made  to  bisect  the  division  marked  o,  and 
the  cross-hair  of  the  microscope,  marked  I,  was  made  to  bisect  the  division  marked 
36.  The  reading  of  microscope  I  was  taken,  and  the  other  microscope  was  not  touched 
during  the  experiment.  The  standard  was  then  removed  and  the  steel  tape  brought 
under  the  microscopes  and  moved  along  till  the  division  marked  o.  i  (feet)  was  bisected 
by  the  cross-hair  of  the  unmarked  microscope.  The  screw  of  microscope  I  was  then 
turned  till  its  cross-hair  bisected  the  division  marked  3.1  (feet),  and  the  reading  of  the 
screw  taken.  The  difference  between  the  oi-iginal  reading  and  that  of  each  measure- 
ment was  noted,  care  being  taken  to  regard  the  direction  in  which  the  screw  was 
turned,  and  this  gave  the  difference  in  length  between  the  standard  and  each  succesive 
portion  of  the  steel  tape  in  terms  of  turns  of  the  micrometer-screw. 

To  find  the  value  of  one  turn,  the  cross-hair  was  moved  over  a  millimeter  scale, 
and  the  following  were  the  values  obtained : 

Turns  of  screw  of  microscope  I  in  i  '"™— 

7.68  7.73  7.60  7.67 

7.68  7.62  7.65  7.57 

7.72  7.70  7.64  .      7.69 

7.65  7-59  7.63  7.64 

7.55  7.65  7.61  7.63 

Mean  z=  7.65 

Hence  one  turn  zz  0.1307°"°. 

or  =  0.005 1  inch. 

The  length  of  the  steel  tape  from  o.  i   to  99.  i  was  found  to  be 

greater  than  33  yards,  by  7.4  turns  =  .96°*"  -  +  .003  feet. 

Correction  for  temperature +  -003  feet. 

Length 100.000  feet. 

Corrected  length 100.006  feet. 
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DETERMINATION    OF   THE    VALUE    OP    MICROMETER. 

Two  pairs  of  lines  were  scratched  on  one  slide  of  the  slit,  about  38™°*  apart,  i.  e.y 
from  the  center  of  first  j)air  to  center  of  second  pair.  This  distance  was  measured 
at  intervals  of  i"'™  through  the  whole  length  of  the  screw,  by  bisecting  the  interval 
between  each  two  j)airs  by  the  vertical  silk  fiber  at  the  end  of  the  eye-piece.  With 
these  values  a  curve  wafe  constructed  which  gave  the  following  values  for  this  distance, 
which  we  shall  call  D,: 


At      o  of  scale  D 

10  of  scale  D 
20  of  scale  D 

30  of  scale  D 

40  of  scale  D 

50  of  scale  D 

60  of  scale  D 

70  of  scale  D 

80  of  scale  I) 

90  of  scale  D 

100  of  scale  D 

1 1  o  of  scale  D 

1 20  of  scale  D 

1 30  of  scale  D 

140  of  scale  D 


Changing  the  form  of  this  table,  we  find  that — 

For  the  first  10  turns  the  average  value  of  D,  is    - 

20  turns -       - 

30  tuiTis 

40»turns 

50  turns 

60  turns 

70  turns 

80  turns 

90  turns 

100  turns 

1 10  turns 

1 20  turns 

1 30  turns 

140  turns 


Turns  of  screw. 

=  38-155 

38.155 
38.150 

38150 

38.145 
38.140 

38.140 
38.130 
38.130 
38.125 
38. 1 20 

38  no 
38.105 
38.100 
38.100 


38.155 
38.153 
38.152 
38.151 

38.149 
38.148 
38.146 

38.144 

38.142 

38.140 

38.138 

38.135 
38.132 

38.130 


On  comparing  the  scale  with  the  standard  meter,  the  temperature  being  i6°.5  C, 
140  divisions  were  found  to  =  139.462°"".    This  multiplied  by  (i  +  .0000188  X  16.5)  = 

139-505""". 
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One  hundred  and  forty  divisions  were  found  to  be  equal  to   140.022  turns  of  the 
screw,  whence  140  turns  of  the  screw  zz  139  483™",  or  t  turn  of  the  screw zz 0.996305"™. 

This  is  the  average  value  of  one  turn  in  1 40. 

But  the  average  value  of  D,  for  140  turns  is,  from  the  preceding  table,  38.130. 

Therefore,  the  true  value  of  D,  is  38.130  X  •996305™"*,  and  the  average  value  of 
one  turn  for   10,  20,   30,   etc.,  turns,  is  found  by  dividing  38.130  X -996305  by  the 
values  of  D,,  given  in  the  table. 
This  gives  the  value  of  a  turn— 


zniD. 


For  the  first    10  turns "■"  0.99570 

20  turns 099570 

30tunis 099573 

40  turns -.      -  0.99577 

50  turns 0.99580 

60  turns 0.99583 

70  turns 0.99589 

80  turns      - o  99596 

90  turns 0.99601 

100  turns 0.99606 

no  turns 0.99612 

120  turns 099618 

130  turns 0.99625 

•  140  turns 0.99630 

NoTE.—The  micrometer  has  been  sent  to.  Professor  Mayer,  of  Hoboken,  to  test 

the  screw  again,  and  to  find  its  value.     The  steel  tape  has  been  sent  to  Professor 
Rogers,  of  Cambridge,  to  find  its  length  again.     (See  page  145.) 


MEASUREMENT    OF   THE    DISTANCE   BETWEEN    THE    MIRRORS. 

Square  lead  weights  were  placed  along  the  line,  and  measurements  taken  fi'om  the 
forward  side  of  one  to  forward  side  of  the  next.  The  tape  rested  on  the  ground 
(which  was  very  nearly  level),  and  was  stretched  by  a  constant  force  of  10  pounds. 

The  correction  for  length  of  the  tape  (100.006)  was  +0.12  of  a  foot. 

To  correct  for  the  stretch  of  the  tape,  the  latter  was  stretched  with  a  force  of  1 5 
pounds,  and  the  stretch  at  intervals  of  20  feet  measured  by  a  millimeter  scale 


mm. 


At  100  feet  the  sti'etch  was 8.0 

80  feet  the  sf retch  was 5.0 

60  feet  the  stretch  was 50 

40  feet  the  stretch  was 3.5 

20  feet  the  stretch  was 1.5 

300  23.00 
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mm 


Weighted  mean  =      ^.^^ 
For  I  o  pounds,  stretch  =      5.1 

=      00167  feet. 
Correction  for  whole  distance  zz  +  0.33  feet. 

The  following  are  the  values  obtained  from  five  separate  measurements  of  the 
distance  between  the  caps  of  the  piers  supporting  the  revolving  mirror  and  the  distant 
reflector;  allowance  made  in  each  case  for  effect  of  temperature: 

1985  13  feet. 
1985.17  feet. 
1984.93  feet. 
1985.09  feet. 
1985.09  feet. 


Mean  =:  1985.082  feet. 

+ .  70.     Cap  of  pier  to  revolving  mirror. 
+  .33.     Correction  for  stretch  of  tape. 
+  .12.     Correction  for  length  of  tape. 


1986.23.     True  distance  between  mirrors. 

RATE    OP   STANDARD   Ut,   FORK. 

The  rate  of  the  standard  Utj  fork  was  found  at  the  Naval*  Academy,  but  as  so 
much  depended  on  its  accuracy,  another  series  of  determinations  of  its  rate  was  made, 
together  with  Professor  Mayer,  at  the  Hoboken  Institute  of  Technology. 

Set  of  determinatiofis  made  at  Naval  Academy. 

The  fork  was  armed  with  a  tip  of  copper  foil,  which  was  lost  during  the  experi- 
ments and  replaced  by  one  of  platinum  having  the  same  weight,  4.6  mgr.  The  fork, 
on  its  resonator,  was  placed  horizontally,  the  platinum  tip  just  touching  the  lamp- 
blacked  cylinder  of  a  Schultze  chronoscope.  The  time  was  given  either  by  a  sidereal 
break-circuit  chronometer  or  by  the  break-circuit  pendulum  of  a  mean-time  clock.  In 
the  former  case  the  break-circuit  worked  a  relay  which  interrupted  the  current  from 
three  Grove  cells.  The  spark  from  the  secondary  coil  of  an  inductorium  was  deliv- 
ered from  a  wire  near  the  tip  of  the  fork.  Frequently  two  sparks  near  together  were 
given,  in  which  case  the  first  alone  was  used.  The  rate  of  the  chronometer,  the  rec- 
ord of  which  was  kept  at  the  Observatory,  was  very  regular,  and  was  found  by  obser- 
vations of  transits  of  stars  during  the  week  to  be  +  1.3  seconds  per  day,  which  is  the 
same  as  the  recorded  rate. 

SPECIMEN   OP   A   DETERMINATION   OP   RATE    OP   Utj   FORK. 

Temp,  m  27°  C.  Column  i  gives  the  number  of  the  spark  or  the  number  of  the 
second.  Column  2  gives  the  number  of  sinuosities  or  vibrations  at  the  corresponding 
second.     Column  3  gives  the  difference  between  i  and  11,  2  and  12,  3  and  13,  etc. 
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July  4,  1879. 

1  0.1  2552.0 

2  255.3  2551.7 

3  510.5  2551.9 

4  765.6  2551.9 

5  1020.7  2552.1 

6  1275.7  2552.0 

7  1530.7  2551.8 

8  1786.5  2551.4 

9  2041.6  2551.7 

10  2297.0  2551.5 

11  2552.1  255. 180  =  mean -r- 10. 

1 2  2807.0  +  .699  zz  reduction  for  mean  time. 

13  3062.4  +  .003  =  correction  for  rate. 

14  331 7-5  +.187  =  correction  for  temperature. 

1 5  3572.8  256.069  =  number  of  vibrations  per  second  at  65^  Fahr. 

16  3827.7 

17  4082.5 

18  4335-9 

19  4593-3 

20  4848.5 

The  correction  for  temperature  was  found  by  Professor  Mayer  by  counting  the 
sound-beats  between  the  standard  and  another  Utj  fork,  at  different  temperatures. 
His  result  is  + -012  vibrations  per  second  for  a  diminution  of  i^  Fahr.  Using  the 
same  method,  I  arrived  at  the  result  +.0125.     Adopted  +.012. 

BSsume  of  determinations  made  at  Naval  Academy. 

In  the  following  table  the  first  column  gives  the  date,  the  second  gives  the  total 
number  of  seconds,  the  third  gives  the  result  uncorrected  for  temperature,  the  fourth 
gives  the  temperature  (centigrade),  the  fifth  gives  the  final  result,  and  the  sixth  the 
difference  between  the  greatest  and  least  values  obtained  in  the  several  determinations 
for  intervals  of  ten  seconds: 


July  4 

20 

255-882 

27.0 

256.069 

0.07 

5 

19 

255-915 

26.4 

256.089 

0.05 

5 

18 

255-911 

26.0 

256.077 

0.02 

6 

21 

255-874 

24-7 

256.012 

0.13 

6 

9 

255-948 

24.8 

256.087 

0.24 

7 

22 

255938 

24,6 

256.074 

0.05 

7 

21 

255-911 

25-3 

256.061 

0.04 

8 

20 

255-921 

26.6 

256.100 

0.02 

8 

20 

255.905 

26.6 

256.084 

0.06 

8 

20 

255.887 

26.6 
Mean: 

256.066 
=  256.072 

0.03 
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In  one  of  the  preceding  experiments,  I  compared  the  two  Vtg  forks  while  the 

standard  was  tracing  its  record  on  the  cylinder,  and  also  when  it  was  in  position  as 

for  use  in  the  observations.     The  diflference,  if  any,  was  less  than  .01  vibration  per 

second. 

Second  determination. 

(Joint  work  with  Professor  A.  M.  Mayer,  Stevens  Institute,  Hoboken.) 

The  fork  was  wedged  into  a  wooden  support,  and  the  platinum  tip  allowed  to  rest 
on  lampblacked  paper,  wound  about  a  metal  cylinder,  which  was  rotated  by  hand 
Time  was  given  by  a  break-circuit  clock,  the  rate  of  which  was  ascertained,  by  com- 
parisons with  Western  Union  time-ball,  to  be  9.87  seconds.  The  spark  from  secondary 
coil  of  the  inductorium  passed  from  the  platinum  tip,  piercing  the  paper.  The  size 
of  the  spark  was  regulated  by  resistances  in  primary  circuit. 

The  following  is  a  specimen  determination : 

Column  I  gives  the  number  of  the  spark  or  the  number  of  seconds.  Column  2 
gives  the  corresponding  number  of  sinuosities  or  vibrations.  Column  3  gives  the  dif- 
ference between  the  ist  and  7th  -f-  6,  2nd  and  8th  -=-  6,  etc. 

255.83 
255.90 
255.90 

255.93 
255.92 
256.01 

255.95 

255.920  iz  mean. 

—    028  z=  correction  for  rate. 


I 

0.3 

2 

256.1 

3 

5"-7 

4 

767.9 

5 

1023.5 

6 

1289.2 

7 

1535-3 

8 

1791-5 

9 

2047.1 

10 

23035 

II 

25590 

255.892 

+  .  1 80  iz  connection  for  temperature. 

1 2  2825.3  256.072  zz  number  of  vibrations  per  second  at  65°  Fahr. 

13  3071.0 

In  the  following  resume^  column  i  gives  the  number  of  the  experiments.  Column 
2  gives  the  total  number  of  seconds.  Column  3  gives  the  result  not  corrected  for 
temperature.  Column  4  gives  the  temperature  Fahrenheit.  Column  5  gives  the  final 
result.     Column  6  gives  the  difference  between  the  greatest  and  least  values: 


I 

13 

255-892 

80 

256.072 

p.  18 

2 

II 

255934 

81 

256.126 

0.17 

3 

13 

255-899 

81 

256.091 

0.12 

4 

13 

255-988 

75 

256.108 

0.13 

5 

II 

255-948 

75 

256.068 

0.05 

6 

12 

255-970 

75 

256.090 

0.05 

7 

12 

255-992 

75 

256.1 12 

0.20 

8 

II 

255-992 

•  76 

256.124 

0.03 

9 

II 

25S-888 

81 

256.080 

0.13 

10 

13 

255-878 

81 
Mean: 

256.070 
=  256.094 

0.13 
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EFFECT   OF   SUPPORT   AND   OF   SCRAPING. 

The  standard  \t^  fork  held  in  its  wooden  support  was  compared  with  another 
fork  on  a  resonator  loaded  with  wax  and  making  with  standard  about  five  beats  per 
second.  The  standard  was  free  from  the  cylinder.  The  beats  were  counted  by  coin- 
cidences with  the  r  second  beats  of  a  watch. 


5 


Coincidences  were  marked- 
At  32     seconds. 


Specimen. 


3  7     seconds. 

43.5  seconds. 

49     seconds. 

54.5  seconds. 

61.5  seconds. 

61.5  —  32  =  29.5. 

295 -^ 5  =  5.9  =  time  of  one  interval. 

Besume. 

1  -       -       -       -       5.9 

2  -       -       -       -       6.2 

3  -       -       -       -       6.2 

4  -       -       -       -       6.2 


Mean  =  6. 1 3  m  time  of  one  interval  between  coincidences. 
In  this  time  the  watch  makes  6.13  X  5  =  30.65  beats,  and  the  forks  make  30.65  + 
I  =31.65  beats. 

Hence  the  number  of  beats  per  second  is  31.65  -f-  6.13  =  5.163. 

Specifnen. 

Circumstances  the  same  as  in  last  case,  except  that  standard  Vtg  fork  was  allowed 
to  trace  its  record  on  the  lampblacked  paper,  as  in  finding  its  rate  of  vibration. 
Coincidences  were  marked  at— 

59     seconds. 

04     seconds. 

10.5  seconds. 

1 7     seconds. 
77-59=18. 
18-2-3  =  6.0  =  time  of  one  interval. 

Besume, 

No.  I       -       -       -       6.0    seconds. 

2  -       -       -       6.0    seconds.  6.31X5  =  3^-55 

3  -       -       -       6.7    seconds.  4-    i.oo 

4  -  -  -  6.3  seconds.  32  55 

5  -  -  -  6.5  seconds.  32.55 -f- 6.31  =  5.159 

6  -  -  -  6.7  seconds.  With  fork  free      5.163 

7  -  -  -  60  seconds.  


Mean  =  6.3 1  seconds. 


Effect  of  scrape  =  —   .004 
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Specimen. 

Circumstances  as  in  first  case,  except  that  both  forks  were  on  their  resonators. 

Coincidences  were  observed  at — 

21  seconds. 

28  seconds. 

36  seconds. 

44  seconds. 

51  seconds. 

60  seconds. 

60  —  2 1  =  39 

39  -r-  5  =  7.8  =  time  of  one  interval 

R4sum6. 

No.  I     -    -     7.8    seconds.  7.42X5  =  37-10 

2  -     -     7.1    seconds.  +    i.oo 

3  -     -     7.6    seconds.  38.10 

4  -    -     7.4    seconds.  38.10-^7.42  =  5.133 

5  -    -     7.2    seconds.  (Above)     5.159 

Mean  =  7.42  seconds.     Effect  of  support  and  scrape  =  —  .026 

Mean  of  second  determination  was 256.094 

Applying  correction  (scrape,  etc.) —.026 

Corrected  mean 256.068 

Result  of  first  determination 256.072 

Final  value 256.070 

Note  — ^The  result  of  first  deteimination  excludes  all  work  except  the  series  com- 
mencing July  4.  If  previous  work  is  included,  and  also  the  result  first  obtained  by 
Professor  Mayer,  the  result  would  be  256.089. 

256  180 
256036 
256072 
256.068 

Mean  =  256.089 

The  previous  work  was  omitted  on  accoimt  of  various  inaccuracies  and  want  of 
practice,  which  made  the  separate  results  differ  widely  from  each  other. 

THE  FORMXJL^. 

The  formulsB  employed  are — 

(i)     tan9>=-i 

(2)  y_  2592000^^  xDXn 

g>  =  angle  of  deflection. 

d,  =  corrected  displacement  (linear). 

r  =  radius  of  measurement 
D  =  twice  the  distance  between  the  mirrors. 

n  =  number  of  revolutions  per  second. 
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a  =  inclination  of  plane  of  rotation. 

d  =  deflection  as  read  from  micrometer. 

B  zz  number  of  beats  per  second  between  electric  Vt2  fork  and  standard  Vt, 
Cor  =  coiTection  for  temperature  of  standard  Vta. 

V  =  velocity  of  light. 

T  =  value  of  one  turn  of  screw     (Table,  page  126.) 
Substituting  for  rf,  its  value  or  rf  X  T  X  sec  a  (log  sec  a  -=.  .00008),  and  for  D  its 
value  3972.46,  and  reducing  to  kilometers,  the  formulae  become — 

(3)  tan  9)  =  c,  — ;    log  c,  =  .5 1 607 

T 

(4)  V  =  C^;  log  C  =  . 49670 

D  and  r  are  expressed  in  feet  and  rf,  in  millimeters. 

Vt,  fork  makes  256.070  vibrations  per  second  at  65°  Fahr. 

0  =  3972.46  feet. 

tan  a  =  tangent  of  angle  of  inclination  of  plane  of  rotation  z=  0.02  in  all  but  the  last 
twelve  observations,  in  which  it  was  0.0 1 5. 

log  c,  =  .51607  (.51603  in  last  twelve  observations.). 

log  c  =  .49670. 

The  electric  fork  makes  J  (256.070  +  B  + cor.)  vibrations  per  second,  and  n  is  a  mul- 
tiple, submultiple,  or  simple  ratio  of  this. 

OBSERVATIONS. 

SPECIMEN    OBSERVATION. 

June  17,  sunset.     Image  good;  best  in  column  (4). 

The  columns  are  sets  of  readings  of  the  micrometer  for  the  deflected  image  of  slit. 

112.81  112.80  112.83  112.74  112.79 


81 

81 

81 

76 

78 

79 

78 

78 

74 

74 

80 

75 

74 

76 

74 

79 

77 

74 

76 

77 

82 

79 

72 

78 

81 

82 

7i 

76 

78 

77 

76 

78 

81 

79 

75 

83 

79 

74 

83 

82 

78 

73 

76 

78 

82 

Mean  =112.801         112.773         112.769         112.772         112.779 
Zero  =     0.260  0.260  0.260  0.260  0.260 


d=:  1 12.541 

1J2.513 

112.509 

I  I  2.5 1  2 

112.519 

Temp-    77° 

7f 

7f 

7f 

7f 

B  =  +  1.500 

Cor  =  —  .144 

■ 

+ 1 365 

256.070 


4 


»=  257.426    257.43      257.43      257.43     25743 

r=  28.157    28.157     28.157     »8.i57    28.157 
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The  above  specimen  was  selected  because  in  it  the  readings  were  all  taken  by 
another  and  noted  down  without  divulging  them  till  the  whole  five  sets  were  com- 
pleted. 

The  following  is  the  calculation  for  V: 


t>8 

1st  set. 

:   c,  =  51607 

T  =  99832 
^=05131 

2d,  3d, 
and  4th  sets. 

51607 

99832 

O51I9 

5th  set. 
51607 

99832 
05123 

56570 
r  =  44958 

56558 
44958 

56562 
44958 

tan  q)z=.  11612 
9>=2694".7 

c_  49670 
»  =  41066 

I  1600 
2694".! 

49670 
41066 

I  1 604 

2694".3 

49670 
41066 

90736 
«7>  =  43052 

90736 
43042 

90736 
43046 

V  =  47684 

V  =  299800 

47694 
299880 

47690 
299850 

In  the  following  table,  the  numbers  in  the  column  headed  "Distinctness  of  Image" 
are  thus  translated:  3,  good;  2,  fair;  i,  poor.  These  numbers  do  not,  however,  show 
the  relative  weights  of  the  observations 

The  numbers  contained  in  the  columns  headed  "Position  of  Deflected  Image," 
"Position  of  Slit,"  and  displacement  of  image  in  divisions  were  obtained  as  described 
in  the  paragraph  headed  "Micrometer,"  page  120. 

The  column  headed  "B"  contains  the  number  of  "beats"  per  second  between 
the  electric  Vtg  fork  and  the  standard  Vtg  as  explained  in  the  paragraph  headed 
"Measurement  of  the  Speed  of  Rotation."  The  column  headed  "Cor."  contains  the 
correction  of  the  rate  of  the  standard  fork  for  the  difference  in  temperature  of  experi- 
ment and  65°  Fahr.,  for  which  temperature  the  rate  was  found.  The  numbers  in  the 
column  headed  "Number  of  revolutions  per  second"  were  found  by  applying  the  cor- 
rections in  the  two  preceding  columns  to  the  rate  of  the  standard,  as  explained  in  the 
same  paragraph. 

The  "radius  of  measurement"  is  the  distance-  between  the  front  face  of  the 
revolving  mirror  and«the  cross-hair  of  the  micrometer. 

The  numbers  in  the  column  headed  "Value  of  one  turn  of  the  screw"  were 
taken  from  the  table,  page  1 2  7. 
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In  the  last  two  sets  of  June  13,  the  micrometer  was  fixed  at  1 13  41  and  1 12.14 
respectively.  The  image  was  bisected  by  the  cross-hair,  and  kept  as  nearly  as  possi- 
ble in  this  place,  meantime  counting  the  number  of  seconds  required  for  the  image 
of  the  revolving  mirror  to  complete  60  oscillations.  In  other  words,  instead  of  meas- 
uring the  deflection,  the  speed  of  rotation  was  measured  In  column  7  for  these  two 
sets,  the  numbers  1 1  and  6  are  the  differences  between  the  greatest  and  the  smallest 
number  of  seconds  observed. 

In  finding  the  mean  value  of  V  from  the  table,  the  sets  are  all  given  the  same 
weight  The  difference  between  the  result  thus  obtained  and  that  from  any  system 
of  weights  is  small,  and  may  be  neglected. 

The  following  table  gives  the  result  of  different  groupings  of  sets  of  observations. 
Necessarily  some  of  the  groups  include  others : 

Electric  light  ( i  set) 299850 

Set  micrometer  counting  oscillations  (2)      -       -       -       -  299840 

Readings  taken  by  Lieutenant  Nazro  (3)     -       -       -       -  299830 

Readings  taken  by  Mr.  Glason  (5) 299860 

Mirror  inverted  (8) 299840 

Speed  of  rotation,  192(7) 299990 

Speed  of  rotation,  128(1) 299800 

Speed  of  rotation,  96  (i) 299810 

Speed  of  rotation,  64  (i) 299870 

Radius,  28.5  feet  (54) -  -  299870 

Radius,  33.3  feet  (46) 299830 

Highest  temperature,  90°  Fahr.  (5) 299910 

Mean  of  lowest  temperatures,  60°  Fahr.  (7)       -       -       -  299800 

Image,  good  (46) 299860 

Image,  fair  (39) 299860 

Image,  poor  (15) ...-  299810 

Frame,  inclined  (5) 299960 

Greatest  value 300070 

Least  value 299650 

Mean  value 299852 

Average  difference  from  mean 60 

Value  found  for;r 3.26 

Probable  error ±5 

DISCUSSION   OF   ERRORS. 

The  value  of  V  depends  on  three  quantities  D,  n,  and  (p.  These  will  now  be 
considered  in  detail. 

THE   DISTANCE. 


The  distance  between  the  two  mirrors  may  be  in  error,  either  by  an  erroneous 
determination  of  the  length  of  the  steel  tape  used,  or  by  a  mistake  in  the  meaeure- 
ment  of  the  distance  by  the  tape. 
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The  first  may  be  caused  by  an  error  in  the  copy  of  the  standard  yard,  or  in  the 
comparison  between  the  standard  and  the  tape.  An  error  in  this  copy,  of  .OCXD36  inch, 
which,  for  such  a  copy,  would  be  considered  large,  would  produce  an  error  of  only 
.cxxx)T  in  the  final  result.  Supposing  that  the  bisections  of  the  divisions  are  correct 
to  .0005  inch,  which  is  a  liberal  estimate,  the  error  caused  by  supposing  the  error  in 
each  yard  to  be  in  the  same  direction  would  be  only  .cxxx)  1 4  ;  or  the  total  error  of 

the  tape,  if  both  eiTors  were  in  the  same  direction,  would  be    000024  of  the  whole 
length. 

The  calculated  probable  error  of  the  five  measurements  of  the  distance  was  dh 
.000015  ;  hence  the  total  error  due  to  D  would  be  at  most  .00004.  Th^  t*P®  ^^ 
been  sent  to  Professor  Rogers,  of  Cambridge,  for  comparison,  to  confiiin  the  result 

THE    SPEED    OF   ROTATION. 

This  quantity  depends  on  three  conditions  It  is  affected,  first,  by  an  error  in 
the  rate  of  the  standard  ;  second,  by  an  error  jn  the  count  of  the  sound  beats  between 
the  forks ;  and  third,  by  a  false  estimate  of  the  moment  when  the  image  of  the  revolv- 
ing mirror  is  at  rest,  at  which  moment  the  deflection  is  measured. 

The  calculated  probable  error  of  the  rate  is  .000016.  If  this  rate  should  be  ques- 
tioned, the  fork  can  be  again  rated  and  a  simple  correction  applied.  The  fork  is 
carefully  kept  at  the  Stevens  Institute,  Hoboken,  and  comparisons  were  made  with 
two  other  forks,  in  case  it  was  lost  or  injured. 

In  counting  the  sound  beats,  experiments  were  tried  to  find  if  the  vibrations  of 
the  standard  were  affected  by  the  other  fork,  but  no  such  effect  could  be  detected.  In 
each  case  the  number  of  beats  was  counted  correctly  to  .02,  or  less  than  .0001  part, 
and  in  the  great  number  of  comparisons  made  this  source  of  error  could  be  neglected. 

The  error  due  to  an  incorrect  estimate  of  the  exact  time  when  the  images  of  the 
revolving  mirror  came  to  rest  was  eliminated  by  making  the  measurement  sometimes 
when  the  speed  was  slowly  increasing,  and  sometimes  when  slowly  decreasing.  Fur- 
ther, this  error  w^ould  form  part  of  the  probable  error  deduced  from  the.  results  of 
observations. 

We  may  then  conclude  that  the  error,  in  the  measurement  of  n,  was  less  than 
.00002. 

THE   DEFLECTION. 

The  angle  of  deflection  q)  was  measured  by  its  tangent,  tan  ^  zz  - ;  d!  was  meas- 
ured by  the  steel  screw  and  brass  scale,  and  r  by  the  steel  tape. 

The  value  of  one  turn  of  the  screw  was  found  by  comparison  with  the  standard 
meter  for  all  parts  of  the  screw.  This  measurement,  including  the  possible  error  of 
the  copy  of  the  standard  meter,  I  estimate  to  be  correct  to  .00005  P^^^-  The  instru- 
ment is  at  the  Stevens  Institute,  where  it  is  to  be  compared  with  a  millimeter  scale 
made  by  Professor  Rogers,  of  Cambridge. 

The  deflection  was  read  to  witliin  three  or  four  hundredths  of  a  turn  at  each 
observation,  and  this  error  appears  in  the  probable  error  of  the  result. 

The  deflection  is  also  affected  by  the  inclination  of  the  plane  of  rotation  to  the 
horizon.  This  inclination  was  small,  and  its  secant  varies  slowly,  so  that  any  slight 
error  in  this  angle  would  not  appreciably  affect  the  result 
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The  measurement  of  r  is  affected  in  the  same  way  as  D,  so  that  we  may  call  the 
greatest  error  of  this  measurement  .00004.  It  would  probably  be  less  than  this,  as 
the  mistakes  in  the  individual  measurements  would  also  appear  in  the  probable  error 
of  the  result 

The  measurement  of  q>  was  not  corrected  for  temperature.  As  the  corrections 
would  be  small  they  may  be  applied  to  the  final  result.  For  an  increase  of  i "  F.  the 
correction  to  be  applied  to  the  screw  for  unit  length  would  be  —  .0000066.  The  cor- 
rection for  the  brass  scale  would  be  +  0000105,  or  the  whole  correction  for  the  mi- 
crometer would  be  +  .000004.  The  correction  for  the  steel  tape  used  to  measure  r 
would  be  +  .0000066.  Hence  the  correction  for  tan.  q>  would  be  —  .000003  ^-  The 
average  temperature  of  the  experiments  is  75^.6  F.  75.6  —  62.5  zz  13.1.  —  .000003  X 
13. 1  =  —  .00004 

Hence  q>  should  be  divided  by  1.00004,  ^^  ^^  ^w^  result  should  be  multiplied 
by  1.00004     This  would  correspond  to  a  correction  of  +  12  kilometers. 

The  greatest  error,  excluding  the  one  just  mentioned,  would  probably  be  less  than 
.00009  in  the  measurement  of  q>. 

Summing  up  the  various  errors,  we. find,  then,  that  the  total  constant  error,  in  the 
most  unfavorable  case,  where  the  errors  are  all  in  the  same  direction,  would  be  .00015. 
Adding  to  this  the  probable  error  of  the  result,  .00002,  we  have  for  the  limiting  value 
of  the  error  of  the  final  result  ±  .00017.  This  corresponds  to  an  error  of  db  51  kilo- 
meters. 

The  correction  for  the  velocity  of  light  in  vacuo  is  found  by  multiplying  the 
speed  in  air  by  the  index  of  refraction  of  air,  at  the  temperature  of  the  experiments. 
The  error  due  to  neglecting  the  barometric  height  is  exceedingly  small.  This  correc- 
tion, in  kilometers,  is  -f  80. 

FINAL   result. 

The  mean  value  of  V  from  the  tables  is-      -      -      299852 
Correction  for  temperature +12 

Velocity  of  light  in  air 299864 

Correction  for  vacuo 80 

Velocity  of  light  in  vacuo 299944  ±51 

The  final  value  of  the  velocity  of  light  from  these  experiments  is  then — 

299940  kilometers  per  second, 
or  186380  miles  per  second. 

OBJECTIONS  CONSIDERED. 

MEASUREMENT   OF   THE   DEFLECTION. 

The  chief  objection,  namely,  that  in  the  method  of  the  revolving  mirror  the  de- 
flection is  small,  has  akeady  been  sufficiently  answered  The  same  objection,  in 
another  form,  is  that  the  image  is  more  or  less  indistinct.  This  is  answered  by  a 
glance  at  the  tables.     These  show  that  in  each  individual  observation  the  average 

error  was  only  three  ten-thousandths  of  the  whole  deflection. 
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UNCERTAINTY    OF   LAWS   OF    REFLECTION  AND   REFRACTION   IN   MEDIA   IN   RAPID   ROTATION. 

What  is  probably  hinted  at  under  the  above  heading  is  that  there  may  be  a  pos- 
sibility that  the  rapid  rotation  of  the  mirror  throws  the  reflected  pencil  in  the  direction 
of  rotation.  Granting  that  this  is  the  case,  an  inspection  of  Fig.  14  shows  that  the 
deflection  will  not  be  affected. 

In  this  figure  let  m  m  be  the  position  of  the  mirror  when  the  light  first  falls  on  it 
from  the  slit  at  a,  and  m^  w,  the  position  when  the  light  returns. 

^^  From  the  axis  0  draw  op  op,  perpendicular  to  m  m 

•"I  p'  ^-^"^f^''  "  ^^^  *^  ^/  ^/»  respectively.     Then,  supposing  there  is 

no  such  effect,  the  course  of  the  axis  of  the  pencil  of 
light  would  be  a  0  c  mirror  c  0  a,.  That  is,  the  angle 
of  deflection  would  be  a  0  a,,  double  the  angle  pop^ 
If  now  the  mirror  be  supposed  to  carry  the  pencil  with 
it,  let  0  c,  be  the  direction  of  the  pencil  on  leaving  the 
mirror  w  m;  i.  e.,  the  motion  of  the  mirror  has  changed 
the  direction  of  the  reflected  ray  through  the  angle  c  0  c,. 
Fig.  74.  ^^^  The  coursc  would  then  heaoc,  mirror  c,  0.     From  0  the 

reflection  would  take  place  in  the  direction  a,„  making 
the  angles  c,  0  p,  and  2;,  0  a,,  equal.  But  the  angle  c  0  c,  must  be  added  to  po  a„, 
in  consequence  of  the  motion  of  the  mirror,  or  the  angle  of  deviation  will  be  a  0  a,,  + 
coc,;  or  aoa,,-{- coc,:==^d.     (i) 

By  construction— 

cop,zzp,oa,      (2) 
c,op,=p,oa,,     (3) 

Subtracting  (3)  from  (2)  we  have — 


c  op,  —  c,  op,  =p,  0  a,  —p  0  a,„  or 


coc,=za,o  a„ 


Substituting  a,  0  a,,  for  c  0  c,  in  (i)  we  have- 


aoa,,'\-a,oa^,z=.aoa,zz.  d. 
Or  the  deflection  has  remained  unaltered. 


RETARDATION  CAUSED  BY  REFLECTION. 


Comu,  in  answering  the  objection  that  there  may  be  an  unknown  retardation 
by  reflection  from  the  distant  mirror,  says  that  if  such  existed  the  error  it  would  in- 
troduce in  his  own  work  would  be  only  ^^  that  of  Foucault,  on  account  of  the  great 
distance  used,  and  on  account  of  there  being  in  his  own  experiments  but  one  reflection 
instead  of  twelve. 

In  my  own  experiments  the  same  reasoning  shows  that  if  this  possible  error  made 
a  difference  of  i  per  cent  in  Foucault's  work  (and  his  result  is  correct  within  that 
amount),  then  the  error  would  be  but  .00003  P^'^- 
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DISTOSTION  OF  THE   BEVOLTINQ  MIBBOB. 

It,  has  been  suggested  that  the  distortion  of  the  revolving  mirror,  either  by  twist- 
ing or  by  tlie  effect  of  centrifugal  force,  might  cause  an  error  in  the  deflection. 

The  only  plane  in  which  the  deflection  o^  o. 

might  be  affected  is  the  plane  of  rotation. 
Distortions  in  a  vertical  plane  would  have 
simply  the  effect  of  raising,  lowering,  or 
extending  the  slit. 

Again,  if  the  mean  surface  is  plane 
there  will  be  no  effect  on  the  deflection,  but 
simply  a  blurring  of  the  image. 

Even  if  there  be  a  distortion  of  any 
kind,  there  would  be  no  effect  on  the  deflec- 
tion if  the  rays  returned  to  the  same  portion 
whence  they  were  reflected. 

The  only  case  which  remains  to  be 
considered,  then,  is  that  given  in  Fig.  1 5, 
where  the  light  from  the  slit  a,  falls  upon  a 
distorted  mirror,  and  the  return  light  upon 
a  different  portion  of  the  same. 

The  one  pencil  takes  the  courao abed 
efa,,  while  the  other  follows  the  path  af 
g  k  ib  o„. 

In  other  words,  besides  the  image  coin- 
ciding with  a,  there  would  be  two  images, 
one  on  either  side  of  a,  and  in  case  there 
were  more  than  two  portions  having  differ- 
ent inclinations  there  would  be  formed  as 
many  images  to  correspond.  K  the  sur- 
faces are  not  plane,  the  only  effect  is  to 
produce  a  distortion  of  the  imj^e. 

Afl  no  multiplication  of  images  was 
observed,  and  no  distortion  of  the  one 
image,  it  follows  that  the  distortion  of  the 
mirror  was  too  small  to  be  noticed,  and  that 
even  if  it  were  larger  it  could  not  affect  the 
deflection. 

The  figure  represents  the  distorted 
mirror   at  rest,   but  the   reasoning  is   the  =•     '- 

same  when  it  is  in  motion,  save  that  all  the  images  will  be  deflected  i 
of  rotation. 

IMPEHFECTION   OF  THE  LENS. 

It  has  also  been  suggested  that,  as  the  pencil  goes  through  one-half  of  the  lens 
and  returns  through  the  opposite  half,  if  these  two  halves  were  not  exactly  similar, 
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the  return  image  would  not  coincide  with  the  sKt  when  the  mirror  was  at  rest.  This 
would  undoubtedly  be  true  if  we  consider  but  one-half  of  the  original  pencil.  It  is 
evident,  however,  that  the  other  half  would  pursue  the  contrary  course,  forming 
another  image  which  falls  on  the  other  side  of  the  slit,  and  that  both  these  images 
would  come  into  view,  and  the  line  midway  between  them  would  coincide  with  the 
true  position.  No  such  effect  was  observed,  and  would  be  very  unlikely  to  occur.  If 
the  lens  was  imperfect,  the  faults  would  be  all  over  the  surface,  and  this  would  pro- 
duce simply  an  indistinctness  of  the  image. 

Moreover,  in  the  latter  part  of  the  observations  the  miiTor  was  inverted,  thus 
producing  a  positive  rotation,  whereas  the  rotation  in  the  preceding  sets  was  negative. 
This  would  correct  the  error  mentioned  if  it  existed,  and  shows  also  that  no  constant 
errors  were  introduced  by  having  the  rotation  constantly  in  the  same  direction,  the 
results  in  both  cases  being  almost  exactly  the  same. 

PERIODIC    VARIATIONS   IN   FRICTION. 

If  the  speed  of  rotation  varied  in  the  same  manner  in  each  revolution  of  the 
mirror,  the  chances  would  be  that,  at  the  particular  time  when  the  reflection  took 
place,  the  speed  would  not  be  the  same  as  the  average  speed  found  by  the  calculation. 
Such  a  periodic  variation  could  only  be  caused  by  the  influence  of  the  frame  or  the 
pivots  For  instance,  the  frame  would  be  closer  to  the  ring  which  holds  the  mirror 
twice  in  every  revolution  than  at  other  times,  and  it  would  be  more  difficult  for  the 
mirror  to  turn  here  than  at  a  position  90^  from  this.  Or  else  there  might  be  a  certain 
position,  due  to  want  of  trueness  of  shape  of  the  sockets,  which  would  cause  a  varia- 
tion of  friction  at  certain  parts  of  the  revolution. 

To  ascertain  if  there  were  any  such  variations,  the  position  of  the  frame  was 
changed  in  azimuth  in  several  experiments.  The  results  were  unchanged  showing 
that  any  such  variation  was  too  small  to  affect  the  result. 

CHANGE    OF   SPEED    OF   ROTATION. 

In  the  last  four  sets  of  obsei'vations  the  speed  was  lowered  from  256  turns  to 
192,  128,  96,  and  64  turns  per  second.  The  results  with  these  speeds  were  the  same 
as  with  the  greater  speed  within  the  limits  of  en-ors  of  experiment. 

BIAS. 

Finally,  to  test  the  question  if  there  were  any  bias  in  taking  these  observations, 
eight  sets  of  observations  were  taken,  in  which  the  readings  were  made  by  another,  the 
results  being  written  clown  without  divulging  them.  Five  of  these  sets  are  g^ven  in 
the  "specimen,"  pages  133-134. 

It  remains  to  notice  the  remarkable  coincidence  of  the  result  of  these  experi- 
ments with  that  obtained  by  Gornu  by  the  method  of  the  "  toothed  wheel." 

Cornu's  result  was  300400  kilometers,  or  as  interpreted  by  Helmert  299990  kilo- 
meters.    That  of  these  experiments  is  299940  kilometers. 
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POSTSCEIPT. 

The  comparison  of  the  micrometer  with  two  scales  made  by  Mr.  Rogers,  of  the 

Harvard  Observatory,  has  been  completed  The  scales  were  both  on  the  same  piece 
of  silver,  marked  **  Scales  No.  25,  on  silver.  Half  inch  at  58°  F.,  too  short  .000009 
inch.     Centimeter  at  67^  F.,  too  short  .00008  cm." 

It  was  found  that  the  ratio  .3937079  could  be  obtained  almost  exactly,  if,  instead 
of  the  centimeter  being  too  short,  it  were  too  loty  by  .00008  cm.  at  67^. 

On  this  supposition  the  following  tables  were  obtained.  They  represent  the  value 
of  one  turn  of  the  micrometer  in  millimeters. 

Table  i  is  the  result  from  centimeter  scale. 

Table  2  is  the  result  from  half-inch  scale. 

Table  3  is  the  result  from  page  3 1 . 

It  is  seen  from  the  correspondence  in  these  results,  that  the  previous  work  is 
correct 
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PREFACE. 


The  preparation  of  the  following  catalogue  was  commenced  at  the  Naval  Obser- 
vatory for  the  purpose  of  obtaining  standard  positions  of  reference  stars  for  use  in  the 
lunar  and  planetary  theories,  especially  in  the  reduction  of  the  older  occultations.  It 
originally  included  only  time  stars,  and  stars  occultations  of  which  by  the  moon  had 
been  well  observed. 

In  1877  the  unfinished  work,  along  with  other  material  pertaining  to  the  lunar 
theory,  was  courteously  turned  over  to  the  office  of  the  American  Ephemeris  by 
Rear-Admiral  Rodgers,  United  States  Navy,  the  Superintendent  of  the  Observatory. 
It  was  then  found  advisable  to  greatly  enlarge  the  catalogue,  so  as  to  include  all  the 
standard  stars  of  the  American  Ephemeris,  and  all  the  stars,  down  to  the  sixth  mag- 
nitude, which  could  be  occulted  by  the  moon. 

The  work  of  reconstructing  and  completing  the  catalogue  has  been  nearly  all 
performed,  under  the  personal  direction  of  the  writer,  by  Master  Chauncey  Thomas, 
United  States  Navy,  to  whose  care  and  accuracy  is  due  much  of  its  value. 
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§  I.  INTRODUCTION. 


In  the  reduction  of  all  the  Washington  meridian  observations  since  1862,  and  in 
all  the  investigations  of  the  motions  of  the  planets  by  the  author  up  to  and  including 
that  of  Uranus  in  1873,  the  right  ascensions  depend  fundamentally  upon  Dr.  Gould's 
standard  catalogue.  The  latter  was  published  by  the  Coast  Survey,  and  introduced 
into  the  American  Ephemeris  from  the  years  1865  to  1880. 

When  the  work  of  reducing  the  older  occultations  of  stars  with  modern  data  was 
undertaken  at  the  Naval  Observatory,  it  became  necessary  to  have  accurate  positions 
of  stars  for  dates  much  more  remote  than  the  time  of  Bradley,  because  a  large  num- 
ber of  the  occultations  selected  were  observed  before  1 700,  As  Dr.  Gould's  proper 
motions  depended  largely  on  Bessel's  Bradlky,  which  was  to  be  superseded  by 
AuwERs's  re-reduction  of  Bradley's  observations,  and  as  much  other  material  had 
become  available  for  the  determination  of  accurate  proper  motions,  it  became  neces- 
sary for  the  work  in  hand  to  redetermine  the  positions  of  the  fundamental  time-stars. 
So  far  as  the  right  ascensions  are  concerned,  this  was  done  for  the  **Maskelyne  stars" 
in  1872  The  resulting  ^^  Bight  Ascensions  of  the  Equatorial  Fundamental  Stars'*'*  appeared 
as  an  appendix  to  the  Washington  Observations  for  1870. 

One  result  of  this  investigation  was  the  discovery  of  a  periodic  error  in  the  right 
ascensions  of  a  number  of  modern  catalogues,  which  seems  to  have  had  its  origin  in 
some  one  of  Pond's  adopted  catalogues,  and  to  have  disseminated  itself  among  the 
results  of  many  observatories  thi-ough  the  employment  of  the  earlier  Greenwich  star 
positions,  which  depend  fundamentally  upon  those  of  Pond.  .When,  after  the  practice 
of  Professor  Airy,  new  fundamental  positions  depending  entirely  on  recent  observa- 
tions are  formed  from  time  to  time,  the  error  in  question  is  gradually  cut  down,  and, 
as  a  matter  of  fact,  it  has  disappeared  from  the  recent  Greenwich  results.  But  so 
long  as  the  same  fundamental  catalogue  is  used,  it  will  in  consequence  of  eiToneous 
proper  motions,  tend  to  increase  with  the  time  rather  than  diminish.  By  referring  to 
the  tables  on  page  46  of  the  paper  cited,  and  the  formulae  of  correction  which  precede 
them,  it  will  be  seen  that  in  the  cases  of  the  Greenwich,  Oxford,  Paris,  and  Washing- 
ton results,  the  right  ascensions  about  9^  are  very  generally  too  great  relative  to  those 
about  21^  the  difference  ranging  from  o.'io  in  the  case  of  Oxford  (Radcliffe,  1845)  ^ 
o.'03  in  the  case  of  the  Greenwich  7-year  catalogue  for  1 864. 

The  necessity  of  reobserving  a  large  number  of  the  occulted  stars,  as  well  as  the 
pressure  of  other  duties,  caused  the  work  to  be  laid  aside  until  1876,  when  the  means 
for  recommencing  it  became  available.     It  was  the  original  intention  to  reduce  the 
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declinations  to  Auwers's  standard,  copious  tables  for  doing  which  are  given  in  the 
Astronomische  Nachrichten.  But  it  was  found  that  in  the  mean  time  a  very  exhaustive 
discussion  of  the  declinations  of  the  principal  fixed  stars,  and  of  the  systematic  correc- 
tions necessary  to  reduce  the  declinations  of  the  different  catalogues  to  a  fundamental 
system,  had  been  undertaken  by  Mr.  Lewis  Boss,  then  of  the  Northern  Boundary 
Survey,  but  now  Director  of  the  Dudley  Observatory,  Albany.  An  examination  of 
Mr.  BoSii's  work  led  me  to  believe  that  in  the  thoroughness  with  which  the  bases  of  all 
existing  original  catalogues  of  value  were  examined  and  discussed,  and  in  the  correct- 
ness of  the  general  principles  on  which  the  work  was  being  executed,  it  left  little  to 
be  desired.  The  only  serious  deficiency  seemed  to  be  the  absence  of  Auwers's  reduc- 
tion of  Bradley's  decliitations  from  the  data  employed,  an  absence  which  I  regretted, 
but  which  could  not  be  satisfactorily  supplied.  Altogether,  I  judged  it  best  to  adopt 
Mr.  Boss's  declinations  as  the  standard  of  reduction,  and  hg,ve  to  express  my  indebted- 
ness to  Maj.  W.  J.  Twining,  Corps  of  Engineers,  U.  S.  A.,  chief  astronomer  of  the 
American  branch  of  the  survey,  as  well  as  to  Mr.  Boss,  for  the  communication  of  all 
the  tables  and  data  necessary  to  reduce  the  declinations  of  difi^erent  catalogues  to  Mr. 
Boss's  system. 

The  zodiacal  stars  in  the  original  catalogue,  above  described,  included  only  those 
of  which  occultations  had  been  actually  observed  up  to  1870.  On  taking  charge  of 
the  Americn  Ephemeris  the  need  of  a  complete  re>n8ion  of  the  stars  which  might  be 
occulted  by  the  moon  was  found  to  be  pressing.  It  was  therefore  decided  to  extend 
the  catalogue  so  as  to  include  all  stars  to  the  sixth  magnitude,  inclusive,  which  could 
be  occulted  by  the  moon.  Stars  below  this  magnitude  were  included  only  when  found 
in  Bradley's  catalogue  or  when  occultations  had  actually  been  observed 

In  preparing  the  original  list,  which  was  that  employed  in  investigating  the  motion 
of  the  moon  before  1 750,  the  provisional  declinations  of  Dr.  Auwers,  reduced  to  Boss's 
system,  were  used  for  the  epoch  1755.  In  the  mean  time  Dr.  Auweks  had  worked  out 
his  definitive  results  for  Bradley's  declinations,  and  it  was  deemed  best  to  incorporate 
them  in  the  whole  catalogue.  The  original  places  were  therefore  modified  so  as  to  give 
the  results  which  would  have  been  reached  had  Auwers's  declinations  been  used  in 
the  first  place. 

The  catalogue  here  presented  may  therefore  be  considered  as  including  two 
classes  of  stars : 

(i)  All  the  standard  stars  of  the  American  Ephemeris,  omitting  for  the  most  part 
those  added  for  field  work. 

(2)  All  stars  to  the  sixth  magnitude,  inclusive,  which  can  be  occulted  by  the. 
moon,  together  with  stars  below  the  sixth  magnitude  which  had  been  observed  by 
Bradley. 

§  2.  FOKMATION  OF  RIGHT  ASCENSIONS. 

Owing  to  the  constant  improvements  still  in  progress  in  the  art  of  determining 
star  positions,  the  time  has  not  yet  amved  when  a  fundamental  catalogue  can  be 
regarded  as  entirely  definitive.  It  is  not,  therefore,  deemed  necessary  to  present  in 
detail  the  deduction  of  the  position  of  each  separate  star,  but  it  is  considered  sufficient 
to  give  a  general  statement  of  the  method  pursued. 
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The  method  of  forming  the  definitive  right  ascensions  of  the  original  catalogue 
was  to  compare  the  catalogue  places  with  computed  provisional  places,  and,  assuming 
the  corrections  thus  obtained  to  be  of  the  form  a-^b  T,  to  find  the  values  of  a  and  b 
by  least  squares.  These  quantities  were  the  corrections  to  be  applied  to  the  provis- 
ional right  ascensions  and  proper  motions. 

As  a  general  check  upon  the  accuracy  of  all  the  work,  two  fundamental  epochs 
were  adopted,  namely,  17550,  the  epoch  of  Bessel's  and  of  Auwers's  reductions  of 
Bradley,  and  1850.0,  that  most  generally  adopted  as  the  zero  epoch  for  the  theoretical 
astronomy  of  the  present  time.  Approximate  positions  for  these  two  epochs  (supposed 
to  be  correct  to  0^.3  of  time  in  R.  A,  and  to  o'.i  in  declination)  were  obtained  for 
these  epochs,  generally  from  Bessel's  Fundamenfa  and  the  British  Association  Catalogue. 
The  precessions  and  secular  variations  of  the  annual  motion  for  each  epoch  were  then 
independently  computed.  In  these  computations  Struve's  constant  of  precession  and 
Hill's  formulae,  as  found  in  the  Star  Tables  of  the  American  Ephemeris  and  in  my 
paper  of  1872,  already  cited,  were  made  use  of  It  will  be  remarked  that  the  secular 
variations  thus  computed  are  not  those  of  the  precession  simj)ly,  but  of  the  annual 
variation.  The  difference,  however,  is  not  great,  except  in  cases  of  stars  having  con- 
siderable proper  motion  or  high  declination.  The  annual  precessions  were  computed 
to  o'oooi,  and  the  variations  in  100  years  to  the  same  order  of  units 

The  provisional  right  ascensions  of  the  stars  were  then  carried  forward  from 
Auwers's  Bradley^  neglecting  proper  motion  entirely,  and  assuming  the  precession  to 
vary  unifomily  between  1755  and  1850  The  computed  values  of  the  secular  varia- 
tion were  therefore  substantially  unused  in  obtaining  the  provisional  places,  except  as 
a  check  against  serious  error.  Practically  the  adopted  value  of  this  variation  was 
I?  of  the  difference  between  the  precession  for  1755  and  that  for  1850.  The  residual 
corrections  given  by  the  several  catalogues  thus  represented  proper  motions  from  1755. 
To  guard  against  an  accumulation  of  small  errors,  the  computations  of  the  provisional 
places  were  carried  to  ."ooi. 

In  the  case  of  stars  of  the  American  Ei)hennris,  a  course  different  in  some  respects 

was  pursued. 

The  annual  variations  and  secular  variations  for  i860  being  given  in  the  Star 
Tables  of  the  American  Ephemeris ^  it  was  not  considered  necessary  to  compute  them 
for  1850.  The  secular  variations  were,  however,  computed  for  i  755  to  five  places  of 
decimals,  the  difference  between  this  and  the  corresponding  quantity  for  i860  giving 
the  term  depending  on  the  third  power  of  the  time.  The  right  ascensions  were  then 
carried  back  to  the  epochs  of  the  catalogues,  supposing  the  annual  variation  and  sec- 
ular variation  of  the  Star  Tables  to  be  exact  for  i860,  and  including  the  term  depending 
on  the  third  power  of   the  time.      The  ])rovisional  proper  motions  wore  therefore 

included. 

The  computed  places  thus  obtained  for  each  class  of  stars  were  then  compared 
with  those  given  in  the  following  catalogues. 

1.  Bradley,  1755. — The  right  ascensions  were  those  of  Dr.  Auwers's,  as  comnui- 
nicated  in  manuscript.  In  the  case  of  a  few  stars,  however,  I^essel's  places,  as  given 
in  the  Fundamenta  Astronomice,  had  to  be  used. 
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2.  Piazzij  1800. — Precipuariwi  Stellar  am  Inerrantium  Positiones  Medice.  Panormi, 
1 8 14.     This  catalogue  was  used  in  the  case  of  stars  not  observed  by  Bradley. 

3.  Struve,  1830. — Catalogue  in  the  Positiones  Medice. 

4.  Argelander,  1 830. — DLX  Stellarum  Fixnrum  Positiones  Medice^  ineiinte  anno  1 830. 
Helsingfors,  1835. 

5.  Pond,  1830. — Catalogue  of  11 12  stars.     London,  1833. 

6.  Airy,  1830. — First  Cambridge  catalogue  0/726  stars  in  the  Memoirs  of  the  Royal 
Astronomical  Society,  vol.  xi. 

7.  Johnson,  1830. — St.  Helena  catalogue  of  606  stars.  London,  1835.  (Used  only 
for  two  or  three  southern  stars.) 

8.  Gilliss,  1840. — Catalogue  in  Observations  made  at  the  [old]  Naval  Observatory, 
Washington,  1846. 

9.  Armagh,  1840. — Robinson's  catalogue. 

10.  Airy,  1840.  )  rn,     ^  .11  1 

. .        ^       >  1  he  Greenwich  twelve-year  catalogue. 

12.  Ptdkowa,  1845. — Catalogue  in  vol.  I  of  the  Pulkowa  observations,  derived 
from  observations  with  the  transit  instrument. 

13.  Airy,  1850. — Greenwich  six-year  catalogue  for  1850. 

14.  Pulkoiva,  1855. — Catalogue  from  observations  with  the  meridian  circle,  com- 
municated in  manuscript  by  Director  Struve. 

15.  Airy,  i860. — Greenwich  seven-year  catalogue. 

16.  Yarnall,  i860. — Washington  catalogue.  Appendix  to  Washington  observa- 
tions for  1871. 

1 7.  Airy,  1 864. — Second  Greenwich  seven-year  catalogue. 

18.  Engelmann,  1S66.— Res nUate  aus  Beobachtungen  am  Meridiankreise  de^^  Stern- 
tvarte  zu  Leijmg,  von  Dr.  Rudolph  Engelmann. 

19.  Greenwich,  1870. — Mean  result  from  the  Greenwich  observations  from  1868 
to  1876,  inclusive. 

20.  Washington,  1870. — Mean  results  from  all  observations  with  the  Washington 
Transit  circle  from  1866  to  1873. 

To  the  positions  of  the  separate  catalogues  were  applied  the  systematic  corrections 
given  on  pages  43  to  47  of  the  paper  on  the  right  ascensions  of  the  equatorial  funda- 
mental stars. 

The  weights  assigned  to  the  several  catalogues,  as  dependent  on  the  number  of 
observations,  were  founded  upon  a  consideration  of  the  probable  systematic  and  acci- 
dental errors  of  each  catalogue.  While  such  considerations  do  not  constitute  a  refined 
discussion,  I  consider  that  the  final  results  will  be  much  nearer  to  those  which  would 
be  given  by  the  most  refined  discussion  than  to  those  given  by  the  usual  mode  of 
combining  catalogue  results.  I  also  consider  that  the  former  difl^erence  will  be  much 
less  than  the  probable  error  of  the  best  results.  The  following  is  the  table  made  use 
of,  the  argument  at  the  top  being  the  number  of  observations. 
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Number  of  observalion. 

'     1    ' 

3 

■iV 

i 
i 

t 

4 

5  I  7 

1 
10  ,  J5 

20 

"S 

30  j  40     so 

60 

T 

3 

6 
4 

" 

4 

4 

as 

So 

lOO 

Bessel'a  Bradley 
Anwers's  Bradley 

Struve,  1825       . 

Pond 
Johnson     . 

Gilliss,  1S40 
Airy,  Greenwich,  1S40 
Armagh.  1840    - 
Pulkowa,  1S45  . 
RiulclilTe.  1845  . 
Airy,  Greenwich,  184S 
Airy,  Greenwich.  1850 
Pulltowa,  1850  - 
Airy,  Greenwich,  i860 
Yarnal],  Washington,  i860 
Airy,  Greenwich,  1864 

Airy,  Greenwich,  1870 
Wishington,  1870       . 

i       * 

"  1    " 
i  1    ' 

i      i 

4 
i 

* 
3 

3 
*■ 

i\   i 

i    i 

i'  i 

*  '.    5 

"i    " 
4      5 

3 1 3 

7  7 

I:  I 

i 
4 

8 

3 

a 

" 

i 

4 

2 

5 

3 

I 

3 

; 

s 

3 

3 
20 
3 

'S 

i 

3 

6 

4 

4 
4 

i 

4 

7 
S 

i 

s 

6 
6 

30 

Assuming  the  residuals  to  be  represented  by  an  expression  of  the  form  a  +  &T, 
T  being  the  fraction  of  a  century  after  1 850.0,  the  equations  of  condition  thus  obtained 
were  solved  by  least  squares.  Tlie  definitive  correction  to  the  provisional  right  ascen- 
sion for  1 850  was  then  a,  and  to  that  for  1755  was  a  —  0.95  />.  These  corrections  being 
applied  to  the  provisional  places,  corrected  phvces  for  tlie  two  fnndaniontal  epoclis 
would  then  be  obtained. 

The  process  thus  described  was  not  rigorous  with  res^wct  to  the  third  place  of 
decimals  in  tlie  seconds  owing  to  three  causes. 

(i)  The  limitation  of  the  adopted  annual  precession  to  the  fourth  decimal. 

(2)  The  neglect  of  the  secular  variation  of  the  proper  motion,  which  would  intro- 
duce a  small  term  varying  with  the  time. 

(3)  The  assumption  that  the  secular  variation  of  the  centenniiil  motion  was  con- 
stant. 

The  errors  thus  introduced  were  entirely  unimportant  so  far  as  the  immediate 
purpose  was  concerned,  because  they  were  smaller  than  the  necessary  uncertainty  of 
the  results;  but  it  was  considered  desirable  that  the  relation  between  the  final  positions 
in  the  catalogue,  and  the  precessions  and  proper  motions,  should  correspond  accurately 
to  a  uniform  theory.  The  results  were  therefore  checked  and  adjusted  by  the  follow- 
ing process. 

The  centennial  variation  for  1850  was  obtained  in  the  first  place  by  correcting  that 
value  of  the  precession  or  centennial  variation  for  1 850,  which  wiis  used  in  computing 
the-  provisional  places,  by  the  quantity  h,  derived  from  the  equations  of  condition.    The 
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value  thus  employed  for  correction  was  not  generally  the  same  as  the  definitive  pre- 
cession for  1850,  because  the  latter  was  afterward  computed  to  one  more  place  of 
decimals.  But  the  corrected  result  was  considered  as  the  definitive  variation  for  the 
epoch  1850. 

The  centennial  variation  for  1755  was  derived  from  that  for  1850  by  subtracting 
from  the  latter  the  quantity 

Si  and  S2  being  the  secular  variations  for  the  respective  fundamental  epochs. 

Having  thus  obtained  the  centennial  variations,  which  we  may  call  Vi  and  Vfj  for 
the  two  fundamental  epochs,  the  change  of  right  ascension  between  those  two  epochs 
was  independently  computed  by  the  formula 

A  R.A.  11:^^1  +  ^'2)  (i  —  21))  —  0075  («2  —  Si) 

Had  the  data  and  method  of  interpolation  of  the  provisional  places  of  the  stars 
been  perfectly  consistent  with  the  definitive  quantities,  the  right  ascension  for  1755, 
obtained  by  subtracting  A  R.A.  from  the  right  ascension  for  1850,  would  have  agreed 
exactly  with  tliat  obtained  by  correcting  the  provisional  place.  But,  owing  to  the 
want  of  a  rigorous  reduction  already  pointed  out,  small  discordancies  were  to  be 
expected.  In  a  large  majority  of  cases  the  discordance  was  less  than  o'.oi  and  rarely 
or  never  amounted  to  o'.02,  unless  from  some  en-or  of  computation  to  be  rectified.  It 
was  then  judged  best  to  render  the  right  ascensions  for  1 755  and  the  centennial  variations 
consistent  with  each  other  by  an  adjustment.  In  general  one-third  the  discordance 
was  applied  to  the  place  for  1755  and  two-thirds  to  the  centennial  variation.  But  this 
proportion  was  subject  to  change  in  exceptional  cases.  The  general  result  aimed  at 
was  that  the  numbers  should  be  as  nearly  as  possible  the  same  as  if  a  rigorous  theory 
had  been  adopted  at  the  outset. 

Tlie  above  descriptions  apply  only  to  the  original  catalogue.  In  the  extension  of 
it  made  by  Master  Cuaijncey  Thomas,  U.  S.  N.,  it  was  considered  better  to  use  the 
more  elegant  process  of  reducing  each  catalogue  place  to  1850  by  precession  alone 
and  then  to  obtain  the  position  and  proper  motion  for  this  epoch  by  the  usual  method. 

In  the  original  formation  of  a  catalogue,  assuming  the  proper  motions  to  be  entirely 
imknown,  this  is  the  preferable  process.  But  in  future  it  will  probably  be  found  more 
convenient,  at  least  in  the  case  of  fundamental  stars,  to  reduce  the  provisional  places 
to  the  epoch  of  each  catalogue  and  work  only  with  the  residual  differences  between  the 
two  positions.  This  is  in  fact  using  the  general  astronomical  method  of  correcting 
elements. 

Ulterior  details  respecting  the  construction  of  the  catalogue,  will  be  given  in  con- 
nection with  it. 

§3.  FORMATIOX  OF  TUB  DECLINATIONS. 

As  already  stated,  the  nonnal  catalogue  to  which  all  the  declinations  are  reduced 
is  that  of  Mr.  Lewis  Boss.  This  catalogue  has  since  been  published  as  Appendix 
II  to  the  American  Report  of  the  Northern  Boundary  Commission* 

•  Reports  upon  the  Survey  of  the  Boundary  between  the  Territory  of  the  United  States  and  the  Poflsewions  of 
Great  Britain  from  the  Lake  of  the  WtKids  to  the  Summit  of  the  Rocky  Monntains^  authorized  by  an  act  of  Congraii 
approved  March  19^  lcf72.  Archibald  Campbell,  esq.,  Commissi  oner;  Capt.  W.  J.  Twining,  Corps  of  EDgineon^  broT^ 
major  U.  S.  A.,  Chief  Astronomer.     Washington:  Government  Printing  Office.     1876. 
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The  most  important  modification  which  had  to  be  niade  in  using  Mr.  Boss's  tables 
arose  from  the  substitution  of  Auwers's  reduction  of  BiiVDLBv's  observations  for  that 
of  Besskl.  Mr  Boss's  systematic  corrections  were  applicable  only  to  Bh:ssel's  posi- 
tions. It  was  therefore  necessary  to  find  the  correction  to  be  applied  to  Auwers's 
declinations  in  order  to  reduce  them  to  the  same  fundamental  system.  Boss's  sys- 
tematic correction  to  each  of  Bradley's  zodiacal  stars  was  taken  from  the  table, 
which  has  since  been  published,  page  496  [90]  of  Mr.  Boss's  paper,  and  the  result 
compared  with  Dr.  Auwers's  definitive  reduction. 

It  would  have  been  much  better  had  all  the  zodiacal  stars  of  Mr.  Boss's  catalogue 
been  definitely  reduced  to  1 755  and  compared  with  Auwers's  corrections.  This  course 
was  not,  however,  at  the  time  practicable. 

The  following  table  shows  the  mean  result  for  each  hour  of  right  ascension  in  the 
sense  of  Boss's  correction  to  Auwers's xlefinitive  declination.  The  argument  0°  gives 
the  mean  result  for  all  the  stars  between  23^  30*"  and  o*"  30™  of  right  ascension ;  the 
argument  15°  the  mean  result  from  o^  30"  to  i^  30",  etc.: 


Right  ascension. 

Boss-Auwers. 

Number  of  stars. 

Right  ascension. 

Boss-Auwers. 

Number  of  stars. 

Kl 

// 

0 

0 

-fo.98 

30 

'              180 

+2.58 

»7 

15 

1.70 

37 

195 

2.48 

25 

30 

1.65 

28 

210 

2.99 

19 

45 

1. 61 

35 

225 

2.29 

26 

60 

• 

1.45 

67 

240 

2. 10 

31 

75 

0.89 

34 

255 

1.64 

26 

90 

1.57 

45 

270 

1.47 

26 

105 

0.74 

39 

28s 

1.06 

30 

120 

1. 14 

44 

300 

1.60 

25 

"35 

I.  71 

37 

315 

0.65 

36 

150 

2.14 

33 

330 

0.71 

47 

165 

+2.66 

3» 

345 

-fo.66 

37 

It  will  be  remarked  that  since  the  stars  to  which  this  table  refers  are  on  the  aver- 
age within  3°  or  4^  of  the  ecliptic  the  corrections  are  functions  both  of  the  right 
ascension  and  declination.  Owing,  however,  to  this  arrangement,  it  is  impossible  to 
separate  quantities  depending  on  the  right  ascension  from  those  depending  on  the 
declination.  The  best  practical  course,  therefore,  seems  to  be  to  leave  in  abeyance 
the  general  form  of  correction  and  to  tabulate  it  as  a  function  of  the  right  ascension 
alone.     Developing  the  residuals  in  the  usual  way  the  result  is — 

Boss — AuwEBS  iz  +  I ".60  —  o''.68  cos  a  +  o".32  cos  2  a  —  o.  10  sin  a  +  0.38  sin  2  a 

In  cases  of  this  sort  the  terms  in  2  a  are  generally  to  be  regarded  as  accidental. 
It  was  therefore  deemed  best  to  omit  them  and  to  apply  only  the  expression 

+  i''.6o  — o''.68  cos  a  —  o'\io  sin  a 

In  applying  this  correction  to  Auwers's  results  from  Bradley's  observations  I  do 
not  wish  to  be  considered  as  indorsing  its  reality,  but  have  used  it  only  in  order  that 
all  the  declinations  might  be  reduced  to  the  same  system.     I  believe  that  considerable 
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weight  would  have  been  added  to  Boss's  results  had  he  been  able  to  use  Auwers's 
Bradley  as  one  of  the  normal  catalogues.  It  may  be  expected  that  the  additional  data 
accumulated  during  the  next  fifteen  or  twenty  years  will  lead  to  a  more  certain  result 

Catalogues  used  fur  Decliualions. — These  were,  in  the  main,  the  same  as  in  the  case 
of  the  right  ascensions,  with  the  following  additions: 

(i)  Camb?idf/e,  1840. — Mean  results  from  the  Cambridge  observatories  from  1836 
to  1844,  as  found  in  the  several  annual  volumes  of  observations. 

(2)  Paris,  i860. — Mean  results  from  the  Paris  observations  of  306  " dtoiles  fonda- 
mentales"  made  with  the  Gambey  mural  circle,  1854-63,  as  found  in  the  several 
annual  volumes  of  observations. 

(3)  Paris,  1865. — Similar  results  from  the  observations  with  the  new  meridian 
instrument,  1863-67. 

(4)  Melbourne,  1870. — First  Melbourne  General  Catalogue  of  1227  stars  for  the 
epoch  1870.     Melbourne,  1874. 

The  several  tables  of  systematic  corrections  which  have  been  applied,  and  the 
weights,  as  dependent  on  the  number  of  observations,  will  be  found  in  Mr.  Boss's 
work,  pages  560-567. 

The  deduction  of  the  definitive  declinations  has  been  carried  out  in  the  same  way 
as  in  the  case  of  the  right  ascensions.     The  most  important  modifioations  were  these: 

(i)  An  approximate  proper  motion  was  used  in  interpolating  the  provisional 
places  compared  with  the  s.everal  catalogues. 

(2)  In  the  same  interj)olation  account  was  taken  of  the  change  in  the  secular 
variation  of  the  annual  motion;  in  other  words,  the  term  multiplied  by  the  cube  of 
the  time  was  retained. 

(3)  All  the  results  were  computed  to  o".oi,  with  the  definitive  values  of  the 
annual  motions. 

In  consequence  of  these  changes,  the  average  discrepancy  between  the  places  for 
1755,  as  obtained  by  applying  the  computed  coiTection, «  —  0.95  b,  to  the  provisional 
place,  and  those  obtained  by  direct  computation  from  the  definitive  centennial  motions 
is  less  than  o".02. 

§4.  POSITIONS  OF  THE  NINE  PRINCIPAL  STARS  OF  THE  PLEIADES. 

The  mode  of  treating  the  stars  of  this  group  was  in  some  points  exceptional.  A 
question  which  naturally  presents  itself  in  investigating  their  positions  is  that  of  their 
relative  proper  motion.  We  might  proceed  on  either  of  two  hypotheses;  first,  that 
the  place  of  each  star  is  to  be  determined  independently  on  the  supposition  that  its 
proper  motion  is  independent  of  that  of  the  others;  second,  that  they  all  have  a  com- 
mon and  equal  })roper  motion.  If  the  differences  of  the  proper  motions  decidedly 
exceed  the  probable  errors  of  the  separate  determinations,  we  should  choose  the  first 
hypothesis;  otherwise  the  second.  On  either  hypothesis  our  first  step  must  be  to 
determine  each  star  independently,  and  this  was  done  in  the  same  way  as  with  all  the 
other  stars.  It  was  thus  found  that  there  was  no  conclusive  evidence  of  change  from 
the  meridian  observations  alone,  and  that  the  common  proper  motions  +  o".o88  in  R.  A. 
and  —  5".87  in  declination  for  the  entire  group,  would  satisfy  all  these  observations 
within  their  possible  limits  of  error. 
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As  a  still  further  test  of  the  invariableness  of  their  relative  positions,  and  a  means 
of  further  correcting  these  positions,  the  trianguhitions  of  Bessel  and  of  Wolf  were 
called  into  requisition.  The  former  work  is  found  in  Hessel's  A,stroyiomische  Unter- 
suchungetij  vol.  i,  pp.  209-238,  the  latter  in  the  Compfes  liemJus  of  the  French  Academy 
for  1875.     It  has  since  appeared  in  Annales  de  VOhservatoire  de  Paris,  Memoires,  XIV. 

The  date  of  Bessel's  triangulation  is  1840,  that  of  Wolf's  1874,  so  that  the 
elapsed  time  exceeds  one-third  of  a  century.  Both  of  these  sets  of  positions  were 
reduced  to  1850  with  the  common  proper  motion  ah-eady  given,  and  the  results  com- 
pared with  the  meridian  observations.  There  was  no  marked  resemblance  between 
the  signs  of  the  diflferences  Wolf — Bessel  and  the  signs  of  the  relative  proper 
motions  indicated  by  the  meridian  observations ;  so  that  an  additional  proof  of  the 
unreality  of  these  proper  motions  was  obtained.  1  therefore  conclude  that  although 
a  certain  amount  of  relative  proper  motion  must  exist  in  this  group,  yet  the  apparent 
motions,  as  observed,  are  as  much  due  to  errors  of  observation  as  to  the  actually 
existing  motions,  and  when  the  latter  shall  finally  be  discovered  they  will,  on  the  aver- 
age, be  found  as  near  to  zero  as  to  the  values  indicated  by  all  the  observations  yet 

made.     Consequently,  the  most  probable  values  of  these  relative  proper  motions  must 
be  regarded  as  zero. 

It  is  evident  that  from  the  data  described  we  shall  have  two  classes  of  results 
for  the  position  of  each  individual  star  of  the  group.  The  one  is  the  result  of  the 
meridian  observations  of  that  particular  star;  the  other  the  result  of  the  triangulations 
between  that  and  all  the  other  stars,  combined  with  the  meridian  observations  of  those 
other  stars. 

Since  the  triangulation  can  give  only  relative  positions,  the  mean  of  the  entire 
group  should  remain  as  determined  by  the  meridian  observations.  We  must  there- 
fore apply  to  the  results  of  the  triangulations  such  constant  corrections  that  this  result 
shall  be  attained.     These  corrections  are : 


In  R.  A.,  Bessel,  —  o^o3 
Wolf,    —   0.04 

In  Dec,  Bessel,  +  0^.69 
Wolf,    +   0.04 


In  combining  the  several  results,  the  relative  weights  assigned  were  as  follows: 

In  R.  A.  In  Dec. 

Mer.    obs.,  Wt.  iz  1  Mer.    obs.,  Wt.  zz  i 

Bessel,  "     Wt.  =  2  Bessel,   ''     Wt.  =  3 

Wolf,     "     Wt.=:i  Wolf,     ''     Wt.  ZZ2 

The  several  steps  of  the  process  thus  described  are  shown  in  the  following  table. 
Tlie  small  figures  after  the  individual  proper  motions  show  the  relative  weights  which 
have  been  assigned  to  them.  The  mean  common  proi)er  motion  of  the  group  obtained 
by  their  combination  is — 

In  R.  A.,  >M  =  +  o^o88 
In  Dec,  >Mzz  — 5".87 
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Right  oscenHons  of  the  Pleiades  far  1850.0. 


Name. 


1 6^,  Celxno 
17  d,  Electra 
l8,M  .     .      . 

19  ^y  Tayzeta 

20  c,  Maia  . 

23  {/,  Merope 

25  17,  Alcyone 

27  p,  Atlas  . 

28  A,  Pleione 


From  meridian  observations. 


,  Seconds  of  right  ascension  from 
differential  measures. 

i 


_  _        t  Proper  motion  and 

Right  ascension,  1850.  |  weight. 


Bessel. 
030 


Wolf. 
— o".04O 


Concluded 

Right  ascension, 

1850.  o. 


n,    tn. 


.  I 


3 
3 
3 
3 
3 
3 
3 
3 
3 


35 
35 
36 
36 
36 
37 
38 
40 
40 


J. 
53.  716 
58.600 

13.299 
17.226 

54.549 
25.867 

34.588 

15.077 

16. 250 


s, 

+0.  2I2i 

-f  o.  1461 

-f  O.  020| 
— 0.002i 
-fO.  Il6i 
-f  0.0061 

-f  o.  1364 
-f  o.  0748 

—0.0681 


S, 
53.  723 

58. 595 
13. 292 
17.271 

54.582 

25.893 

34.575 

^5.053 
16.216 


X. 

53.73 
58.60 

13.38 

17.28 

54.54 
25.90 

34.55 
15.05 

16.21 


3  35  53.723 

3  35  58.598 

3  36  13.3*5 

3  36  17.262 

3  36  54  563 

3  37  25.888 

3  38  34.572 

3  40  15.058 

3  40  16. 223 


Declinations  of  the  Pleiades  for  1850. 


From  meridian  observations. 

Seconds  of  declination  from 
differential  measures. 

Concluded 
Declination, 

IN  anic. 

Declination,  1850. 

Proper  motion  and 
weight. 

Bessel. 
+o".69 

Wolf. 
+o".o4 

1850. 

0      '          " 

// 

// 

// 

0       /         // 

16  gt  Celreno     .     . 

23    48    47.78 

-6. 53, 

47.  87                                 47.  83 

23    48    47.84 

17  bf  Electra 

23    38     14.76 

-5. 131 

14. 45                 14. 65 

23    38    14.57 

18,  Iff  .    . 

24    21     51.43 

-6.31, 

50. 40                 50. 86 

24    21     50.73 

19  r,  Tayzeta    . 

23    59    3«.89 

—6.261 

32. 12        1          32. 18 

23    59    32.10 

20  r,  Maia    . 

23    53    40.93 

—4. 821 

40. 68       '         40. 71 

23    53    40.73 

23  f/,  Merope    . 

23    28    36. 07 

-5.  73i 

36. 42        ,          36. 40 

23    28    36.35 

25  7,  Alarone    . 

23    38    13.13 

-5. 585 

13.28       j          13.17 

23    38    13. 22 

27  Pj  Atlas    . 

23    35    25. 26 

-5.85i 

25.58 

25.44 

23    35    25.48 

28  A,  Pleione 

23    40    25.81 

-7.961 

25.76 

25.64 

1 

23    40    25.73 

§  5.  DECLINATIONS  OP  SIRIUS  AND  PROCYON. 


SIRIUS. 

In  Ins  researches  on  the  variable  proper  motion  of  Sirius  (Publication  VII der  Astro- 
nomischen  GeseUschifl^  Leipzig^  1868),  Auwebs  has  found  a  correction,  r,  to  its  declina- 
tion, defined  as  follows :  Let  r^  and  r^  be  the  respective  corrections  to  be  applied  to  the 
declinations  of  Sirius  in  the  Tabulce  Regiomontancv,  in  order  that  this  declination  may 
be  coiTcct  rehitively  to  those  of  /?  Orionis  and  a  Hydrie,  respectively.  Then  Auwers 
puts 

r  =  J  (fi  +  r,) 
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It  follows  that  if  the  connections  to  the  declinations  of  /?  Orionis  and  a  Hydrae  in 
the  T(d>ul(B  Regiomontance  are  respectively  Ai  and  Ag,  the  correction  to  the  declination 
of  Sirius  in  the  same  tables  will  be 

By  comparing  the  positions  of  /3  Orionis  and  a  Hydrae  in  Boss's  catalogue  with 
those  of  the  Tabuke  RegiomontancBj  we  find : 

Ai  =  +i.48+2.44T  +  ooiX  |T^-o.22  X JT^ 
A2  =  +  1.29  +  0.89     +  0.35  +  0.76 

I  (Ai  +  A2)  =  +  I  38  +  1.66     +  o.  18  +  0.27 

T  being  counted  from  1850.     Auwebs  finds  for  the  value  of  r: 

r  =  +  o".84+i".47T  +  F 

P'  representing  the  purely  periodic  term  arising  from  the  orbital  revolution  of  the 
companion  of  Sirius.  The  total  correction  to  the  place  of  Sirius  in  the  Tabula  RegiO" 
montance  would  then  be 

+  2".23  +  3".i3T  +  o".i8X-JT2  +  o".27XlT^  +  P' 

But  by  comparing  the  secular  variation  of  the  centennial  motion,  —  37"  44 + 
o".i3  T,  with  that  of  Bkssel,  —  38/'o,  it  seems  that  the  actual  correction  must  be  of 
the  form — 

a  +  6T  +  o".56XjT2  +  o".i3XrJ''+P' 

The  difference  in  the  coefficients  of  T^  will  produce  a  difference  of  only  o".  1 7  in 
the  declinations  for  1 755 ;  we  may  therefore  omit  any  adjustment  on  account  of  it,  and 
put  for  the  total  connection  to  the  declination  of  Sirius — 

+  2^.23 +  3".i3T  +  o.56XjT2  +  o".i3X^T«  +  P' 

PBOCYON. 

The  declination  of  this  star  is  determined  on  the  same  principle  with  that  of 
.Sirius,  from  the  investigation  of  Auwers  in  his  paper. 

The  comparison  is,  however,  made,  not  with  the  Tahul  Regiomontntuv,  but  with 
the  Tabulce  Reductionmn  of  Wolfeks.  The  stors  of  comparison  are  a  Ceti,  a  Orionis, 
a  Serpentis,  x,  a,  and  /3  Aquila^  and  a  Aquarii,  but  the  three  stars  of  Aquila  receive 
only  the  weight  of  two.  In  the  value  of  A  we  may  omit  writing  the  terms  depend- 
ing on  T*  and  T^,  since  they  are  not  used  in  obtaining  the  final  result.  By  comparing 
3 
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the  corrections  of  Wolfers  to  the  Tabuke  RegiotnontaruE  with  the  declinations  of  the 
present  paper  we  find  the  following  values  of  A  : 


//  // 


aCeti        -         -  -  A^  =  +  o.04  +1.88T 

a  Ononis  -         -  -  Ag^  +  o.iS  +0.76 

a  Serpentis        -  -  A3  =  —  0.50  —2.66 

j/Aquilse-         -  -  A^zz  — 0.35  —1.45 

a  Aquilse  -         -  -  Ag^  — 0.40  —1.35 

yff  Aquilae  -         -  -  Ag  zz  —  o.  1 2  —  i  02 

a  Aquarii  -         -  -  Ayzz  — 0.24  —1.06 

Mean  by  weights  -  Azz  —  0.18  —  0.605  T 

AuwERs's  r        -  -  -        +0.39  +0.931  T  +  F 

Total  correction  -  -         +  o.  2  04  +  o.  3  2  6  T  +  P' 

This  correction,  omitting  P',  being  applied  to  the  place  of  the  Tabuke  Reductionumj 
gives  the  declination  in  the  table. 

§  6.  CIRCUMPOLAR  STARS. 

In  the  case  of  stars  within  30^  of  the  pole  an  accurate  reduction  between  epochs 
a  century  apart  cannot  be  effected  without  other  data  than  those  given  for  the  ecliptic 
and  time  stars.  It  was  judged  that  the  convenience  of  astronomers  using  the  cata- 
logue would  be  subserved  by  presenting  data  for  the  stars  in  the  same  general  form 
as  for  others,  with  the  addition  of  such  intermediate  epochs  that  the  reductions  could 
be  effected  without  the  employment  of  higher  powers  of  the  time.  Hence  stars 
between  10^  and  30°  from  the  pole  have  data  given  for  each' half  century,  or  to  speak 
more  exactly,  for  the  epochs  1755,  1800,  '850,  and  1900.  In  the  case  of  stars  yet 
nearer  the  pole  the  epochs  1755,  1825,  and  1875  are  added. 

The  declinations  of  the  circumpolar  sta^:s  are  all  taken  from  Boss's  catalogue  for 
the  epoch  1875. 

The  right  ascensions  have  not  been  independently  investigated,  but  are  taken 
from  the  second  edition  of  Dr.  Gould's  catalogue,  published  by  the  United  States 
Coast  Survey,  and  based  upon  Dr.  Gould's  extended  investigations  found  in  Volume 
VI  of  the  Astronomical  Journal.  Although  these  right  ascensions  may  be  at  the 
present  time  susceptible  of  correction,  it  was  judged  best  to  adhere  to  them  for  the 
following  reasons : 

I  St.  ^They  had  been  retained  in  the  American  Ephemeris  for  1881,  in  which  new 
declinations  had  been  introduced,  and  it  was  judged  best  to  make  changes  only  at  few 
epochs.  They  had  also  been  so  extensively  used  by  the  Coast  Survey  and  other 
authorities  as  to  form  a  standard  of  reference  which  it  was  desirable  not  to  change 
except  when  a  great  and  permanent  improvement  was  possible. 

2d.  Their  definitive  amelioration  is  not  practicable  until  Dr.  Auwers's  reductions 
of  Bessel's  observations  are  available. 

3d.  Each  astronomer  can  readily  apply  for  himself  such  corrections  as  may 
appear  necessary. 

It  will  probably  be  found  that  the  easiest  way  of  making  these  coiTections  will 
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be  to  reduce  each  star  to  the  epoch  of  the  catalogue  of  observation  and  work  with  the 
correction  thus  indicated  for  that  particular  epoch.  For  all  except  two  or  three  of  the 
closest  polar  stars  the  correction  of  each  co-ordinate  may  be  assumed  to  increase  uni- 
formly with  the  time. 

Td  form  a  set  of  datii  in  which  the  positions,  centennial  variations,  and  secular 
variations  for  each  epoch  should  be  perfectly  consistent  throughout,  several  trouble- 
some modifications  were  found  necessary.  The  coefficients  of  reduction  given  by 
Gould  and  Boss,  respectively,  could  not  be  used  unchanged,  because  those  for  each 
co-ordinate  depended  upon  the  value  of  the  other  co-ordinate,  and  must  therefore  be 
changed  with  it.  It  was  therefore  necessary  to  compute  anew  for  each  epoch  the 
constants  corresponding  to  it  and  to  combine  these  results  in  such  a  way  as  to  secure 
homogeneity  and  consistency. 

In  the  case  of  the  close  polar  stars  both  the  positions  and  the  proper  motions  were 
reduced  from  1855  to  the  several  epochs  by  the  rigorous  trigonometrical  formulae,  the 
constants  being  those  founded  on  Struve's  precession.  These  reductions  were,  in  the 
first  place,  made  with  Dr.  Gould's  j)roper  motion  in  declination,  but  it  was  easy  to 
correct  them,  so  that  they  should  give  Boss's  proper  motion  for  the  epoch  1875. 

The  positions  and  proper  motions  for  this  epoch  include  all  the  data  necessary  for 
computing  the  precessions  and  secular  variations  for  the  diff'erent  epochs.  The  cen- 
tennial variations  were  then  found  by  applying  the  proper  motion  to  the  precession. 
The  original  reductions  were  next  checked  by  computing  the  change  of  position 
between  each  pair  of  consecutive  epochs  from  the  centennial  variations,  secular  varia- 
tions, etc.,  and  comparing  it  with  the  actual  difference  given  by  the  trigonometrical 
reduction. 

In  the  case  of  stars  more  than  15^  from  the  pole  the  trigonometrical  reduction  was 
not  necessary.  Generally  Dr.  Gould's  coefficients  gave  results  which  need  little  cor- 
rection, and  this  little,  when  necessary,  was  derived  from  the  computed  elements  ot 
motion  for  the  diflFerent  epochs. 

§  7.  EXPLANATION  OF  THE  CATALOGUE. 

The  catalogue  is  aiTanged  so  that  all  the  data  pertaining  to  the  right  ascension 
shall  be  on  the  left-hand  pages,  and  those  pertaining  to  the  declinations  on  the  right- 
hand  pages. 

In  the  case  of  the  stars  observed  by  Bradley,  the  positions  and  other  data  are 
given  for  the  two  fundamental  Besselian  epochs  17550  and  1850.0.  In  some  cases 
stars  not  observed  by  Bradley  have  been  given  for  both  of  these  epochs.  In  the  case 
of  fundamental  time  stars  the  positions  are  also  given  for  1900.  The  precession  and 
secular  variation  for  each  epoch  are  independently  computed,  so  that  their  general 
agreement  will  serve  as  a  check  upon  their  accuracy. 

On  the  left-hand  page  the  fourth  column  gives,  opposite  the  epoch  1755,  the 
number  of  observations  made  by  Bradley  in  right  ascension.  Opposite  1850  is  given 
the  number  of  observations  made  at  Greenwich,  Pulkowa,  and  Washington  since  1840, 
which  have  been  used  in  preparing  the  catalogue. 

Observations  at  other   observatories   have   been   omitted  in  the  enumeration, 
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although  employed  in  obtaining  the  final  result.  In  some  cases,  as,  for  instance,  those 
of  the  Pulkowa  fundamental  time  stars,  no  precise  number  of  observations  could  be 
assigned.  The  object  of  this  column  is  rather  to  give  a  general  idea  of  the  weight  of 
the  result  than  a  precise  enumeration  of  the  observations. 

Colunm  Right  AsvemioH  gives  the  right  ascension  of  each  star  for  the  several 
epochs,  as  already  explained.  The  epoch  1850  has  been  taken  as  a  fundamental  one, 
and,  for  the  most  part,  the  positions  for  other  epochs  have  been  derived  from  those  for 
185'>  by  the  centennial  variation,  etc.,  deduced  from  observations. 

The  equinox  to  which  all  the  stars  are  reduced  is  that  of  my  paper  of  1872  on 
the  Right  Ascensions  of  the  Equatorial  Fundamental  Stars.  (Washington  Observations 
for  1870,  Appendix  II.)  The  results  obtained  by  Ur.  Auweks  for  BradlisIy's  equinox, 
and  the  recent  Greenwich  observations,  render  it  probable  that  the  adopted  equinox  is 
nearly  correct  for  1850,  but  that  the  centennial  variations  require  a  general  correction 
of  perhaps  —  o*.05.  Further  researches  are,  however,  necessary  before  a  definitive 
result  for  the  motion  of  the  equinox  can  be  derived. 

The  right  ascensions  of  the  32  Maskelyne  stars  in  the  investigation  of  1872  are 
transferred  without  alterations  to  the  present  catalogue 

The  centennial  variation  derived  in  the  first  place  for  the  epoch  1850  has  usually 
been  regarded  as  a  fundamental  one,  and  that  for  other  epochs  has  been  derived  from 
it  by  the  secular  variations  given  in  the  following  column. 

The  precessions  are  computed  strictly  from  Stkuve's  constant,  using  the  formulae 
given  in  the  star  tables  of  the  American  Ephemeris  and  in  part  reprinted  on  p.  172  of 
the  present  paper.  But,  as  a  general  rule,  the  precessions  and  secular  variations  were 
derived  before  the  definitive  positions  of  the  stars  were  worked  out,  and  did  not,  there- 
fore, in  all  cases  accurately  coiTespond  to  the  finally  concluded  positions.  In  general, 
however,  where  any  important  discrepancy  would  thus  be  produced,  the  precessions 
and  secular  variations  have  been  recomputed  with  the  definitive  data. 

The  proper  motions  are  generally  obtained  by  subtracting  the  precessions  from 
the  centennial  variations.  The  differences  among  the  proper  motions  thus  found  arise 
partly  from  incongruity  of  the  data,  imperfections  of  calculation,  etc.,  but  mostly  from 
the  change  in  the  direction  of  the  meridian  produced  by  precession. 

With  a  view  of  detecting  any  serious  error  in  the  proper  motions  the  secular 
variation  of  the  proper  motion  has  been  independently  computed  by  the  formula  given 
in  the  present  paper  in  the  case  of  those  stai-s  of  the  American  Ephemeris  which  have 
a  considerable  proper  motion.  The  result  of  this  computation  is  given  in  the  last 
column. 

In  the  case  of  circumpolar  §tars  the  above  method  of  obtaining  the  centennial 
variations  for  the  different  epochs  would  not  always  have  been  reliable.  In  this  case, 
therefore,  the  secular  variation  of  the  proper  motion  was  carefully  computed  for  several 
epochs  and  the  proper  motions  for  past  and  future  epochs  obtained  by  applying 
the  changes  thus  indicated  to  the  proper  motions  for  the  fundamental  epoch.  The 
precessions  being  .also  computed  for  the  different  epochs,  the  centennial  variations 
were  obtained  by  applying  the  proper  motions  to  them. 

On  the  right-hand  pages  the  third  colunm  gives,  for  the  epoch  1850,  the  mag- 
nitudes of  the  stars  taken  in  the  order  of  preference  from  the  following  authorities. 
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1.  Gould,  Uranometria  Argentina. 

2.  Heis,  Atlas  Coelestis  NovtiSj  Koln,  1872. 

3.  Akgelander,  Bonner  Sternverzeichniss,  commonly  called  the  Durchmusterung ; 
Astronomische  Beobachtungen  auf  der  Sternwarte  zu  Bonn,  vols,  iii,  iv 

Opposite  epoch  1755  are  given  the  magnitudes  of  Besskl's  Fundamentu. 
In  both  cases  the  fractions  of  a  magnitude  are  expressed  decimally. 
The  general  method  of  arranging  the  data  for  the  declinations  is  substantially  the 
same  as  for  the  right  ascensions,  and  therefore  needs  no  additional  explanation. 

§8.  FORMULA  FOR  REDUCING  THE  CATALOGUE  PLACES  TO  OTHER  EPOCHS. 

It  is  supposed  that  the  data  given  in  connection  with  the  place  of  each  star  will 
suffice  for  its  reduction  to  any  epoch  between  1750  and  1900,  by  Taylor's  Theorem. 
To  effect  this  we  take  the  catalogue  epoch  nearest  that  to  which  the  star  is  to  be 
reduced,  and  put — 

T,  the  interval,  in  units  of  a  century. 

a^y  the  star  position  for  the  catalogue  epoch. 

Cq,  the  centennial  variation  for  the  same  epoch. 

5,  the  secular  variation  for  the  same  epoch. 

5',  the  derivative  of  s  at  this  epoch,  the  unit  of  time  being  a  century. 

s'\  the  second  derivative  of  s,  etc. 

Then: 

a  =  a,  +  Tco+lT'so+lT'so  +  ^,TKs:  +  etc.  (i) 

The  values  of  Cq  and  ^0  ^i'©  always  given  in  the  catalogue.  Those  of  Sq,  60,  etc., 
will  not  always  be  required,  but  when  required,  are  readily  deduced  from  the  values 
of  s  for  different  catalogue  epochs. 

In  the  most  general  case  the  values  of  ^'o,  ^o,  etc.,  may  be  formed  from  the  suc- 
cessive differences  of  s  by  the  usual  fornuilae,  namely,  these  differences  being  arranged 
according  to  the  following  usual  scheme: 

^-2 


where 


A'-, 

S-l 

A'-» 

a: 

-1 

a:» 

*'o 

a; 

a; 

) 

a;- 

«i 

a; 

A' 

I 

S2 

A'_,  =  s_. 

—  S-t 

Al, 

=  A'.,.A'_, 

^'-i  =  So 

—  S-i 

A'i 

=  A»-A'_, 

a;  =s, 

—  So 

Ai' 

=  a;-a; 

etc., 

etc., 

etc.,         etc. 
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we  put 


and  then  find 


A;'=i(A:i+A;") 

etc.,  etc. 

So=  -^  =n  (A;  --J  a:  +^A;-etc.) 


dT 
d^ 
dT 


So=^,=nUA:-yA^J  +  etc.) 


n  being  the  factor  by  which  the  interval  between  epochs  must  be  multiplied  to  make 
I  GO  years.     These  values  of  s  are  to  be  introduced  into  the  equation  (i). 

When  several  reductions  are  to  be  computed  to  the  same  epoch  it  may  be  a  little 
more  convenient  to  introduce  A',  A ',  etc.,  directly  into  the  formulae  instead  of  s'y  s"y 
etc.     If  we  make  this  substitution,  stopping  at  s"  and  Ai",  the  result  will  be 


a  =  a.  +  Tco  +  jT='.o  +  |'r'A;+^S^Ai'+(^^^J^T»-^'P^A 


0 


It  will  be  remarked  that  the  coefficients  of  Aq,  AJJ  and  AJ,'  will  be  very  minute 
fractions,  so  that  these  quantities  are  not  required  with  great  precision.  W  hen,  owing 
to  the  epoch  being  near  the  end  of  the  series,  their  values  are  not  given  by  differencing, 
they  may  be  found  with  sufficient  accuracy  by  extending  the  successive  orders  of 
differences  by  induction. 

When  the  interval  is  95  years,  w  =z  fj 
When  the  interval  is  50  years,  w  =  2 
When  the  interval  is  45  years,  w  =  ^ 
When  the  interval  is  25  years,  n  =  4 
When  the  interval  is  20  years,  »  zz  5 

REDUCTION    BETWEEN    TWO   CATALOGUE   EPOCHS. 

As  a  check  upon  the  numbers  of  the  catalogue  it  is  desirable  to  compute  the 
change  of  position  between  two  catalogue  epochs  in  order  to  see  whether  it  agrees 
with  the  difference  between  the  assigned  positions.  The  following  is  a  simple  way  of 
effecting  this.     Put 

Co,  Sqj  etc.,  the  centennial  variation,  etc.,  for  the  first  epoch ; 

Ci,  Sij  etc ,  the  same  for  the  second  epoch ; 

t  the  fraction  of  a  century  between  the  epochs ; 

«!  the  position  for  the  middle  of  the  elapsed  interval.     Then — 


t  ,         t  ,  V  I  ,  v  ,,        .  t 


6 


/// 


t  .  V  If  t  V  II  V  II 
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whence 

t  t^  t^  t^ 

a^—a^—-^  (Ci  +  Co)  —  g  (^1  -5o)  +  -g  (^i+^i)—  rg^  K  — ^0) 

3840 

Since  each  of  the  quantities  c,  5,  5,  etc.,  is  the  derivative  ot  the  preceding  one, 
their  diflFerences  are  given  by  a  series  of  the  same  kind,  namely : 

Si  —  8o  =  -  (s[  +  s'o)  —-^{si  —  So)+-^(si+So)  —  etc. 

81  —  s'q-=, -  (s'l  +  So)  —  etc. 
2 

Making  these  substitutions  we  find : 

oci  —  a^—-  (Ci+Co)— —  {s\  +  So)  +  -—{s^  +  s'o) 
2  24  240 

From  the  equations  which  give  the  values  of  the  derivatives  of  s  in  terms  of  its 
differences,  putting  n  zz  -  ,  we  have  by  simple  reductions : 

V 

HI       t  III  2        a    /// 

Making  these  substitutions  in  the  value  of  a^  —  aj,  it  reduces  to 

The  following  are  special  cases  of  this  formula : 

A.  Interval,  95  years  : 

«!  —  ^0  =  0.475   (^1+  Co)  —  0.075  ^i 

which  may  be  readily  computed  when  put  into  the  form — 

2      \  20/ 

B.  Interval,  50  years : 


40    ♦ 


'        *         4  48      *  ^  2880     ' 


C.  Interval,  25  years: 


*  8  192      *^  II  520     * 


\ 
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REDUCTION   TO   ANY    EPOCH. 


The  following  are  the  principal  special  forms  which  will  be  found  useful  in  reduc- 
tion to  diflFerent  epochs.  They  vary  with  the  number  and  interval  of  the  catalogue 
epochs,  and  are  therefore  classified  accordingly. 


Class  A. — Zodiacal  stars. 
Epochs  1755,   1850, 


For  1850 +  T 


a  =  a,  +  T  Co  +  l'Pso  +  lf.T'  As, 

As  being  the  increment  of  the  secular  variation  from  1755  to  1850. 
Especially,  to  reduce  to — 

i860,   a  =  ao+  iCo     +^5o 

1870,   a  =  ao+  -5C0     +  -So         +7T2^5 

1875,   a  =  ao+  1-^0     +^^0         +3^5^^ 
1880,   a  zr  OTo  +  0.3  Co  +  0.045  ^0  +  0.0047  ^  S 

I  890,    a  =  OTo  +  0.4  Co  +  0.080  So  +  O.OI  12  As 

1900,   a  =  ao+  ICo    +  \sq        +  0.02 19  A  s 

For  corresponding  epochs  before  1850,  as  far  back  as  1800,  change  the  signs  of 
the  coefficients  of  Cq  and  of  A  s. 

For  epochs  between  1755  ^^^  1800  take  the  values  of  c  and  s  corresponding  to 
1755  and  count  T  from  this  epoch. 


Class  B. — Time  and  standard  stars. 

Epochs   1755,  1850,  1900. 

For  epochs  previous  to  1850,  compute  as  in  Class  A. 
For  epochs  between  1850  and  1900  put 

Co,  centennial  variation  for  1850. 
Ci,  centennial  variation  for  1900. 
So,  secular  variation  for  1850. 
Si,  secular  variation  for  1900. 
A^Sj  secular  variation  for  1900  minus  secular  variation  for  1850 

Then  in  general,  we  may  use  either  of  the  forms — 

a  =  ao  +  Tco    +lT^So  +  lT''As     .     .     .     (T  from  1850) 
a  =  a,  +  Tc,    +lT's,  +  lT'  As    .     .     .     (T  from  1900) 
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Especially,  to  reduce  to  — 

i860,  a  =  ao+ ii^o  +^So 

1870,  a  =  ao+  \Co  +  k^o    +  (m  =  0-002  66)  A  s 

1875,  a  =  ao+  -i^o  +^So    +(^^2  =  0.0052)  A.S 
1880,  a  zz  a©  +  0-3  ^0  +  0.045  ^0  +  0.0090  A  s 

1880,  a  =  «!  —  {  Ci  +  ^  5i  —  0.002  66  A  5 

1890,  azzai  —  ^,  Ci  +4^1 


Class  C. — Circumpolar  stars. 

Data  given  for  1755,  1800,  1850,  1900. 

Let  Cq  be  the  centennial  variation. 
Soy  the  secular  variation. 

Aq,  the  mean  first  diflference  of  s  for  50  years  for  the  catalogue  epoch  nearest 
that  to  which  the  star  is  to  be  reduced. 

For    5  years:  a-aiZzi^Co+g^5o  +  2T5oo^ 
For  10  years:  ol- a,=  ^€0  + ^So  + ^Ao 

For  1 5  years :  a  —  orj  =  o.  1 5  c©  +  0.0 11  25  5o  +  o.ooi  1 25  Aq 

For  20  years :  a  —  a^^  \(^o+  ^^0  +  0.002  67  Aq 

For  25  years :  a  —  a^^z  \Co-\-  0.03 1  255©  +  0.005  20  A© 


'0 


Class  D. — Data  for  intervals  of  twenty-five  years. 

Ao  the  mean  first  diflference  for  25  years  according  to  the  scheme  of  diflferences 

given  at  the  beginning  of  this  section. 
Ao  the  second  diflference  for  25  years. 
Ao'  the  mean  third  diflference  for  25  years. 
Then,  in  general, 

a'==ao  +  Tco  +  -JT^5o  +  IT^A;  +  |T^A;;  +  (,^T^--J'P)A; 

Especially, 

For  —  10  years : 

a  =  ao-  ,o^o  +  2^5o-i4Ai  +  i5^Ao-O.OOOloA;'' 

For  —  5  years : 

^^^^0  20  ^0  "1     800  ^0  12000  ^0  "f"  240000  ^0 

For  5  years : 

^  —  ^0  =   a)  ^0  +  800  ^0  +  12006  ^0  +  240000  ^0 

For  10  years: 

a  —  ao  =  xi  Co  +  So  5o  +  i^  a;  +  j^  a;'  —  0.000  10  AJ' 
4 


HILUS  FORMULA  FOR  THE  SECULAR  VARIATION  OF  THE  ANNUAL 

MOTION  AND  PROPER  MOTION  OF  THE  STARS. 


/I,  the  centennial  proper  motion  in  R.  A.,  expressed  in  seconds  of  time. 

//',  the  same  in  declination,  expressed  in  seconds  of  arc. 

Pj  p\  the  centennial  precessions  in  R.  A.  and  Dec.  at  any  epoch,  expressed  in  the 

same  units  as  /i  and  jli\ 
Then: 

p  izi  w  +  w  sin  a  tan  S 
p'  -zzn  cos  a 
da  , 

^  ^  -  [6.6338]  p 

+  [79878]  (p  +  2  fi)  COS  a  tan  6 
+  [6.8 1 1 7]  (y  +  2  ju')  sin  a  sec  M 
+  [4.9866]  /i  /i'  tan  5 

^,=-[6.6338]/ 

—  [9.1640]  (p  +  2  ju)  sin  a 

—  [67367]  /^^sin  2  S 

~  =      [79878]  fi  cos  a  tan  5 
+  [6.8 1 1 7]  >w'  sin  a  sec  M 
+  [4.9866]  >M  I/'  tan  S 

^^  =  -[9.1640]  M  sin  a 

—  [6.7367]  M^  sin  2  5 
172 
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Struv(?8  values  of  m  and  n. 


tear. 

m 

n 

Liog.n 

n 

LiOg.n 

s. 

s. 

// 

1750 

306.987 

i33'7^7 

2.126349 

2006.50 

3.302439 

1755 

306.997 

133764 

2.126339 

2006.46 

3.302430 

1775 

307-035 

133753 

2.126302 

2006.28 

3  302392 

1800 

307.082 

133738 

2.126255 

2006.07 

3.302346 

1825 

307.130 

133724 

2.126209 

2005.85 

3.302300 

1850 

307.177 

133710 

2.126162 

2005.64 

3.302253 

1875 

307.225 

133.696 

2.1261 15 

2005.42 

3.302206 

1900 

307.272 

133.681 

2.126069 

2005.21 

3.302160 

CATALOGUE. 
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RIGHT   ASCENSIONS. 


No. 


4 

5 
6 


8 


10 


II 


12 


13 


14 


15 


16 


17 


18 


19 


Star. 


4    Ceti  .     .     . 


5    Ceti 


a    Andromedae 


B.  A.  C.  5  . 

B.  A.  C.  17 

y    Pegasi   .     . 


35  Piscium 


36  Piscium 


38  Piscium 


d    Piscium 


44  Piscium 


(3    Hydri 


45  Piscium 


10  Ceti 


II  Ceti 


12  Ceti  . 


51  Piscium 


13  Ceti 


14  Ceti 


755 
850 

755 
850 

755 
850 

900 
850 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

850 

875 
900 

755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 


o    c 
o 


5 
6 

5 
5 


12 
II 
10 


5 
24 

5 
5 

5 
3 

5 
68 

5 
32 


5 
44 

5 
30 

5 

4 

5 
243 

5 

17 

5 
46 

5 
19 


Right  ascension. 


A. 

23 
o 

23 
o 

23 

o 
o 

o 

o 

o 
o 
o 

o 
o 

o 
o 

o 
o 

o 
o 

o 
o 

o 
o 
o 

o 
o 

o 
o 

o 
o 

o 
o 
o 

o 
o 

o 
o 

o 
o 


///.  J. 

55  11.092 

o  3. 038 

55  39.518 

o  31.283 

55  46.413 

0  38. 603 

3  13. 040 

1  2. 040 

2  38.179 

o  38.871 

5  31.016 

8  5. 131 

2  22.733 

7  15.485 

3  59.888 

8  51.829 

4  48.507 

9  41.096 

8  0.488 

12  52. 932 

12  51.247 
17  42.912 

17  47.12 

19  8. 92 

20  29.  77 

13  5. 278 

17  58.152 

»4  3- 983 

18  55.933 

17  21.136 

22  13.472 

17  32.305 

22  23. 053 

24  56. 100 

19  46. 562 
24  39.647 
22  38.571 
27  31.709 

22  58.773 

27  SO.  965 


Centennial 
variation. 


Secular 


J. 

+  307. 323 
307.310 

+  307- 128 
307. 122 

+  306.  733 
308.417 

309. 333 

+  307- 109 

+  307. 088 

-f  307.069 
307. 980 
308.482 

+  307. 869 
308. 459 

-f  307.025 
307. 596 

+  307. 687 
308. 297 

-f  307. 545 
308. 136 

-f  306.868 
307. 172 

+  329. 13 

325.3' 
321.56 

-♦-  307. 997 
308.590 

-f  307.214 
307. 427 

-f  307. 639 
307. 814 

-f  306.036 
306. 074 
306.115 

-f  308.217 
308. 810 

+  308. 530 
308. 610 

+  307.457 
307.694 


Struve's 


variation,      precession. 


s. 

—  0.041 

4-  0.013 

—  0.034 
4-  0.022 

+  1.734 
1. 812 

1.853 
+  0.037 

—  o.  113 

4-  0.929 
0.989 
1.020 

+  o.  593 
0.650 

+  0.573 
0.629 

4-  0.613 
0.670 

+  0.594 
0.650 

4-  o.  293 
0.349 
—15.88 
15-30 
—14.75 

-f  o.  597 
0.651 

4-  o.  196 
0.252 

4-  o.  157 
0.21 1 

4-  0.013 
0.068 
0.097 

+  0.598 
0.651 

4-  0.056 
o.  113 

4-  o.  223 
0.276 


J. 
4-  307. 188 
307. 175 

4-  307. 165 
307. 160 

4-  305. 701 

307. 383 
308.292 

+  307. 145 
+  307.013 

4-  307.090 

307.999 
308.502 

+  307.178 
307. 771 

+  307. 277 
307.849 

4-  307.366 
307. 975 

+  307. 556 
308. 147 

+  307.073 
307. 377 

+  257.99 
254.92 

251.97 

4-  307. 844 
308. 437 

+  306. 795 
307. 007 

+  306. 559 
306. 739 

4-  306. 045 
306.085 
306. 127 

4-  308. 127 
308. 718 

+  305. 855 
305.940 

4-  306. 564 
306.801 


Proper 
motion. 


s. 
+  o.  135 
0.135 

—  o.  037 
0.038 

4-  1.032 
1.034 
1. 041 

—  0.036 
4-  o.  075 

—  0.021 
0.019 
0.020 

4-  0.691 
0.688 

—  0.252 
0.253 

4-  o.  321 
0.322 

—  0.011 

O.OII 

—  o.  205 

0.205 

4-71. 14 
70.39 
69.59 

+  o.  153 

0.153 

4-  0.419 
0.420 

+  1.080 
1.075 

—  0.009 

O.OII 
0.012 

4-  0.090 
0.092 

4-  2. 675 
2.670 

+  0.893 
0.893 


Sec.  var. 

of  proper 

motion. 


J. 


4-  0.005 
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DECLINATIONS. 


No. 

Star. 

^ 
S 

Epoch. 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Sec  var. 

of  proper 

motion. 

0     '        " 

ft 

// 

// 

II 

// 

I 

4    Ceti.     ... 

7.0 

»755 

—  3  54  49. 41 

+  2007.47 

4-0.08 

4-  2006.02 

+  '.45 

6.0 

1850 

3  23    2.42 

2007.09 

-  0.87 

2005. 64 

'45 

« 

2 

5    Ceti.     - 

7.0 

1755 

—  3  48  43.44 

-h  2005.  72 

—  0. 01 

4-  2006. 10 

—  0.38 

6.0 

1850 

3  '6  58.  '5 

2005. 26 

0.96 

2005. 63 

0.37 

3 

a    Andromedae     .     . 

i.o 

1755 

-j-27  44  13.80 

4-  '989.42 

—  0. 12 

4-  2006. 1 1 

— 16.69 

0.00 

2.0 

1850 

28  15  43-59 

1988. 94 

0.99 

2005. 63 

16.69 

1900 

28  32  17.91 

1988. 32 

1.49 

2005. 01 

16.69 

4 

B.  A.  C.  5  • 

5.7 

1850 

—  3    3  27.03 

+  2004.25 

—  1.06 

• 

4-  2005.62 

-  '.37 

5 

B.  A.  C.  17      .     . 

6.0 

1850 

6    4  56. 50 

4-  2002. 1 1 

-  '.38 

4-  2005.50 

—  3.39 

6 

y    Pegasi   .... 

2.5 

1755 

+  13  49  '4-  '5 

4-  2004.61 

—  0.99 

4-  2006.46 

—  1.85 

2.7 

1850 

'4  20  57.93 

2003.21 

1.95 

2005.06 

1.85 

1900 

14  37  39-  26 

2002. 1 X 

2.45 

2003.96 

1.85 

7 

35  Piscium 

6.0 

1755 

+  727  33-  39 

4-  2003.  '3 

-  '.33 

4-  2006.35 

—  3.22 

5.8 

1850 

7  59  '5-62 

2001.42 

2.28 

2004. 63 

3.21 

8 

36  Piscium            .     . 

6.5 

1755 

4-  6  52  40. 44 

4-  2005.22 

—  1.64 

4-  2006. 15 

—  0.93 

6.3 

1850 

7  24  24. 52 

2003. 21 

2.60 

2004. 14 

0.93 

9 

38  Piscium       .     .     . 

7.5 

1755 

+  7  30  27. 25 

4-  2015.47 

—  1. 81 

4-  2006.01 

4-  9.46 

6.9 

1850 

8    2  20.98 

2013. 30 

2.  76 

2003. 85 

9.45 

10 

d    Piscium       .     .     . 

5.5 

1755 

+  6  49  39.  28 

4-  2006.34 

—  2.43 

4-  2005.23 

4-  I.  II 

5-3 

1850 

7  21  24.06 

2003. 58 

3.39 

2002. 47 

I.  II 

II 

44  Piscium       .     .     . 

6.0 

1755 

+  0  34  52.00 

4-  2000.85 

-3- 38 

4-  2003.32 

—  2.47 

5-9 

1850 

I     6  31. 16 

1997. 19 

4.33 

1999.65 

2.46 

12 

P    Hydri    .... 

2.7 

1850 

78    5  57.53 

4-  2030. 22 

—  4.23 

4-  1999.60 

4-30. 62 

1875 

77  57  30." 

2029. 12 

4.56 

1998.42 

30.70 

1900 

77  49    2.98 

2027. 96 

4.84 

1997. 19 

30.77 

13 

45  Piscium       .     .     . 

6.0 

'755 

4-  6  20    5. 18 

4-  1997-88 

—  3.43 

4-  2003. 19 

5-3' 

6.9 

1850 

6  51  41.47 

1994.17 

4.39 

1999.48 

5.3' 

• 

14 

10  Ceti 

6.0 

1755 

—  I  24  31.65 

4-  2002.51 

—  3-62 

4-  2x>2. 68 

—  0. 17 

6.2 

1850 

0  52  51  02 

1998.61 

4.58 

1998.80 

0.19 

15 

II  Ceti 

7.5 

1755 

—  2  28  12. 11 

4-  1993.78 

—  4.27 

4-  2000. 71 

-  6.93 

7.8 

1850 

I  56  40. 10 

1989. 27 

5.22 

1996.21 

6.94 

16 

12  Ceti 

6.0 

1755 

—  5  18  50. 80 

4-  2000.46 

—  4.28 

4-  2000. 59 

—  0.13 

6.0 

1850 

4  47  '2.42 

1995. 95 

5.22 

1996.05 

0. 10 

1900 

4  30  35-  '2 

1993. 22 

5.72 

1993. 35 

0.13 

17 

51  Piscium       .     .     . 

6.5 

'755 

+  5  35  57.87 

4-  1999.28 

—  4.74 

4-  1999.00 

4-  0.28 

5.8 

1850 

6    7  34. 91 

'994-  32 

5.70 

1994.05 

0.27 

18 

13  Ceti 

6.0 

'755 

—  4  56  41.41 

4-  1994.00 

—  5.34 

4-  1996.67 

—  2.67 

5.7 

1850 

4  25    9. 67 

1988. 47 

6.30 

1991.  '9 

2.72 

19 

Id  Ceti 

175^ 

—  I  51  17.42 

4-  1989.  72 

—  5.36 
6.31 

4-  1996.38 
1990.86 

—  6. 66 

AAb       ^•^••^     •                 •                 •                 •                 • 

6.0 

1850 

I       19     49.    76 

1     ^  y  1 
1984. 17 

6.69 
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RIGHT  ASCENSIONS. 


No. 

Star. 

Epoch. 

Number  of 
observations. 

Right  ascension. 

Centennial 
variation. 

Sea 
varia 

Lilar 
tion. 

• 

Struve's 
precession. 

Proper 
motion. 

! 
Sec  var. 

of  proper 

motion. 

A.     fn. 

s. 

s. 

s 

X. 

X. 

/. 

20 

15  Ceti 

1 755 

4 

0    25 

33.684 

-f  306.041 

-f  0.238 

+  306. 5'4 

—  0. 473 

1850 

24 

0    30 

24.539 

306.294 

0.294 

306.767 

0.473 

1 

21 

a    Cassiopese  . 

'755 

5 

0    26 

45. 538 

330.089 

5.253 

329. 4'0 

+  0.679 

1 

-f  0.010 

1 

1 
1 

1850 

449 

0    32 

'53' 

335.  '94 

5.496 

334. 49' 

0.703 

1 

1 

1        i 

1900 

• 

0    34 

49.820 

337. 972 

5.621 

337. 263 

0.709 

.               1 

22  !  21  CassiopejT  . 

1755 

5 

0    29 

56.52 

+  365.28 

+14.23 

+  366. 38 

—  1. 10 

; 

1 

1775 

0    3' 

9.87 

368.15 

14.51 

369.26 

I.  II 

i 

1800 

0    32 

42.36 

37'.  83 

14.88 

372.95 

1. 12 

1 
1 

1 

i          1 

1825 

*o    34 

'5-79 

375.60 

15.25 

376.73 

'.13 

1 

1 

1                   1 

1850 

0    35 

50.17 

379.46 

'5 

.64 

380.60 

1. 14 

1 

1875 

0    37 

25.52 

383.42 

16 

.04 

384.57 

1. 15 

i 

1900 

0    39 

1.89 

+  387. 48 

+16 

.45 

-♦-388.64 

—  1. 16 

23     i)    Ceii 

1 

1755 

9 

0    31 

16. 647 

4-  302.216 

—  0. 

.625 

-f  300.611 

+  1.605 

—  0.004 

1 

1850 

67 

0    36 

3.478 

301.648 

0. 

.572 

300.041 

1.607 

1 

1900 

- 

0    38 

34.232 

301.370 

0 

539 

299.765 

1.605 

24     58  Piscium       .     .     . 

1755 

5 

0    34 

16.422 

+  3'o.984 

+  0, 

.948 

+  3'0. 737 

-f  0. 247 

1 
1 

1850 

'3 

0    39 

12.293 

311. 911 

I. 

.004 

311.665 

0.246 

25  \.  60  Piscium       .     .     . 

'755 

5 

0    34 

44.622 

+  308.896 

+  0 

.666 

-h  308.905 

—  aoo9 

1850 

19 

0    39 

38. 382 

309.554 

0. 

720 

309.564 

O.OIO 

26     62  Piscium       .     .     . 

'755 

5 

0    35 

36. 165 

+  309.  763 

-f  0. 

701 

+  309. 157 

+  0.606 

1850 

10 

0    40 

30.764 

3'o  455 

0. 

756 

309.848 

0.607 

27           B.  A.  C.  221     .     . 

'755 

- 

0    35 

33.262 

-f  313.278 

+  0. 

.580 

+  308.449 

+  4.829 

1 

1850 

29 

0    40 

31.  '46 

3'3.852 

0, 

628 

309.031 

4.821 

28     A     Piscium 

1 

'755 

5 

0    35 

59.690 

-f  309.  7'8 

+  0. 

720 

+  309.286 

+  0.432 

1 
1 

1850 

"4 

0    40 

54.256 

310.427 

0, 

.773 

309.994 

0.433 

29           B.  A.  C.  237     .     . 

1755 

• 

0    38 

42.3'3 

+  307. 883 

-fa 

.510 

+  307. 802 

-f  0.081 

1 

1850 

19 

0    43 

35. 039 

308. 39' 

0 

.561 

308.312 

0.079 

3D  1  20  Ceti 

,            1 

'755 

5 

0    40 

29.912 

+  305.863 

+  0 

.289 

+  305. 978 

—  0. 115 

i 

1850 

70 

0    45 

20. 619 

306. 161 

0, 

.340 

306. 278 

0. 117 

31  ,        B.  A.  C.  274     .     . 

1 

'755 

5 

0    47 

9.005 

H-  309. 528 

+  0. 

7'7 

-f  309. 467 

-f  0.061 

1 
1            1 

1850 

10 

0    52 

3.388 

310. 234 

0. 

769 

310. 168 

0.066 

1 

32 

70  Piscium       -     .     . 

'755 

3 

0    49 

23.966 

+  310.284 

+  0. 

.807 

-f  3'o.3'5 

—  0.031 

t 
1 

1 

1850 

32 

0    54 

19. 107 

3".  074 

0. 

.858 

311. 106 

0.032 

33  '  e     Piscium 

'755 

5 

0    50 

15.094 

+  309. 767 

-fo. 

.810 

H-  3'o.345 

-0.578 

1850 

529 

0    55 

9.745 

3'o.  560 

0. 

.860 

311. '36 

0.576 

1 

1900 

. 

0    57 

45. '34 

310.999 

+  0. 

886 

3".  574 

0.575 

1      34 

26  Ceti 

'755 

5 

0    51 

'3.425 

H-  307.745 

+  0, 

472 

+  307.021 

+  0.724 

1 

1850 

23 

0    56 

6.003 

308.218 

0. 

523 

307.494 

0.724 

1      35  '  73  Piscium       .     .     . 

'755 

5 

0    52 

12.245 

+  309.463 

+  0. 

.698 

+  309. 287 

+  0.176 

1 

1850 

5 

0    57 

6.558 

3'o.  15' 

0. 

.750. 

309. 975 

0.176 

36 

72  Piscium       .     .     . 

'755 

3 

0    52 

II.  551 

+  3 '4. 263 

+  '. 

.212 

H-  314. 3'5 

—  0.052 

1 

1 

1850 

8 

0    57 

10. 659 

3'5.44o 

I. 

267 

315.493 

0.053 
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DECLINATIONS. 


No. 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


Star. 


15  Ceti 


a    Cassiopese  . 


21  Cassiopese  . 


P    Ceti 


58  Pisdum 


60  Piscium 


62  Piscium 


B.  A.  C.  221 


6    Piscium 


B.  A.  C  237 


20  Ceti 


B.  A.  C.  274 


70  Piscium 


e    Piscium 


26  Ceti 


73  Piscium 


72  Piscium 


* 
S 


7.0 
6.8 

3.0 
2.5 

6.0 
6.0 


2.5 
2.3 

6.0 
5.0 

6.0 
6.2 

6.0 
6.0 

5.9 
5.0 
4.4 

7.5 
6.7 

5.0 
5-2 

6.5 
6.2 

8.0 
8.0 

4.0 
4.2 

6.5 
5.9 

6.5 
5.9 

6.0 
6.0 


755 
850 

755 
850 

900 

755 

775 
800 

825 

850 

875 
900 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755. 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 


Declination. 


o       /         'f 

—  I  5*  15-01 

1  19  45. 26 

+55  II  23.66 
55  42  49  85 
55  59  19.88 

+73  38  37.07 
73  45  14. 38 

73  53  30  53 

74  I  46. 16 

74  10    1. 21 

74  18  15.68 

+74  26  29.53 

—19  20  6.39 
18  48  38. 83 
18  32    8. 14 

-fio  37  57.45 
II    9  17.26 

+  5  23  56.93 

5  55  16. 53 

+  5  5728.89 

6  28  48. 23 

+  4    o  59.  79 

4  30  30. 48 

—  6  14  49. 37 

6  46    3.  75 
-f  2    3    4. 57 

2  34  13. 12 

—  2  28  46.48* 
I  57  35-37 

-1-5    9  22. 01 

5  40  22. 83 

-f  6  36  49. 84 

7  7  50- 12 

+  6  33  55. 02 

7    4  52.  76 
7  21    6.36 

-f.  o    2  52.00 
o  33  41.62 

+  4  20  12. 33 
4  51    3- 10 

+13  37  21.87 
14    8  17.  IS 


Centennial 
variation. 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


-f 


+ 


+ 


+ 


+ 


// 


992.13 
986.16 

988.72 
982.02 
978.02 

987.24 
985.66 

983-59 
981.41 

979.08 

976. 67 

974.  »3 

990.32 

983- 36 
979.36 

982. 52 
974. 82 

982. 32 

974. 59 

982. 16 
974.24 

867.90 
859. 84 

976  97 
968.95 

971.04 
962.60 

973. 87 
965.17 

963.69 
953. 67 

963.35 
952.89 

960.75 
950. 15 
944.21 

952. 26 
941.54 

953. 58 
942.64 

958. 40 
947. 29 


Secular 
variation. 


// 


-  5.82 
6.76 

-  6.44 
7.68 

8.32 

•  7.78 
8.  II 
8.54 

8.99 

9.45 
9.91 

-10. 40 

6.88 

7.77 
8.23 

•  7.62 
8.60 

■  7.66 
8.62 

• 

•  7.86 
8.83 

■  7-98 
8.98 

•  7-94 
8.92 


0.07 
1.03 

0.52 

1-49 

0.67 
1.63 
2.13 

0.82 
I.  76 

1.04 
2.00 

1. 19 
2.20 


Struve*s 
precession. 


+ 


+ 


+ 


+ 
+ 


+ 


+ 


-f 


+ 


+ 


8.40  i  -f 
9-36 

8.69 
9  62 


+ 


+ 


+ 


-f 


+ 


+ 


// 


994.00 
988.02 

992.78 
986.09 
982.09 

989.34 
987.76 
985.68 

983.49 
981.16 

978.  74 
976.20 

987.79 
980.86 

976.88 

984.06 
976.36 

983-44 
975.  71 

982.32 
974.40 

982.36 
974-  37 
981.77 
973.  78 

977.89 
969-47 

975-21 
966.51 

964. 14 
954.13 
960.03 
949-57 

958. 43 
947.82 
941.88 

956. 55 
945-85 

954-  63 
943-69 

954.66 

943.55 


Proper 
motion. 


—  1.87 
1.86 

—  4.06 
4.07 
4,07 

—  2. 10 
2. 10 
2.09 
2.08 
2.08 
2.07 

—  2.07 

+  2.53 
2.50 
2.48 

—  1.54 
i.54 

—  1. 12 
1. 12 

—  o.  16 
o.  16 

— 114.46 
"4.53 

—  4.80 
4.83 

—  6.85 
6.87 

—  1.34 
1.34 

—  0.45 
0.46 

+  3.32 
3-32 

+  2.32 
2.33 
2.33 

—  4-29 
4.31 

—  1.05 
1.05 

+  3.74 
3.74 


Sec  var. 

of  proper 

motion. 


// 


o.oi 


—  0.03 


-f-  0.01 


i8o 


STANDARD  CLOCK   AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


No. 

Star. 

Epoch. 

• 

M        M 

M 

Rig 

ht  ascension. 
m.        J. 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Sec  var. 

of  proper 

motion. 

h. 

J. 

X. 

s. 

/. 

37 

77  Piscium       .     .     . 

»755 

4 

0 

53 

10. 035 '  +  308. 929 

+  0.662 

+  308.930 

—  0.001 

1850 

II 

0 

58 

3.823 

309.  581 

0.  711 

309.584 

0.003 

38 

75  Piscium       .     .     . 

1755 

3 

0 

53 

42. 140 

+  3*3.534 

+  1. 105 

4-  313. 392 

+  0.142 

1850 

4 

0 

58 

40.503       314.608 

1. 158 

314.468 

a  140 

39 

29  Cell 

1755 

5 

0 

55 

22.694 

+  308.220 

+  0.515 

4-  307. 391 

+  0.829 

1850 

19 

I 

0 

15.742 

308.  732 

0.563 

307. 910 

a822 

40 

€     Piscium       .     .     - 

1755 

5 

0 

55 

46. 266  ,  -1-  307. 560 

+  0.  710 

+  309. 449 

—  1.889 

1850 

78 

I 

0 

38.776 

308. 256 

0.756 

310. 147 

1. 891 

4i 

/3    Andromeda* 

1755 

10 

0 

56 

5.522 

+  330.624 

+  2.770 

+  329.112 

4-  1.512 

1850 

159 

I 

I 

20. 878 

333. 296 

2.856 

33».  778 

1. 518 

• 

1900 

> 

I 

4 

7.885 

334.  736 

2.904 

333. 214 

1.522 

42     33  CeU 

1755 

5 

0 

57 

58. 143 

+  307. 584 

+  0.564 

+  307. 660 

—  a  076 

i 

1850 

36 

I 

2 

50.611 

308. 143 

0.612 

308.217 

0.074 

43 

35  Ceti 

1755 

2 

0 

59 

57.839 

• 

■f  306.458 

+  0.569 

+  307.  701 

—  1.243 

1850  1 

18 

1 

4 

49. 239 

307. 025 

0.625 

308.269 

1.244 

44 

a    Ursae  Minoris  .     . 

1755 

0 

43 

42.  II 

+1039.42 

+  483.42 

+1031.09 

4-8.33 

1775 

0 

47 

20.21 

1144.48 

570.02 

1135.66 

8.82 

1800     . 

0 

52 

25.48 

1303-  59 

709.32 

1294.06 

9.53 

1825     . 

0 

58 

15.32 

1503.06 

895.82 

1492.  73 

io.33 

1850     . 

5 

1.55 

1757.17 

1150.68 

1745.90 

11.27 

1875 

n 

0. 16 

2086.78 

1506.80 

2074. 40 

12.38 

1900 

22 

33.76 

+2523. 03 

+2016. 15 

4-2509. 33 

4-13.70 

45 

C    Piscium       .     .     . 

1755 

4 

0 

57.437 

+  3".  684 

+  0.844 

+  310.861 

+  0.823 

1850 

52 

5 

53.924 

312.509 

0.892 

311.685 

a  824 

46 

88  Piscium       .     .     . 

1755 

5 

I 

59. 3>3 

+  310. 359 

+  0.815 

4-  310.559 

—  0.200 

1850 

6 

6 

54. 529 

3".  157 

0.865 

3".  358 

0.201 

47 

/    Pisdam       .     .     . 

1755 

5 

5 

10.983 

+  308.044 

+  0.657 

+  308.516 

—  0.472 

1850 

39 

10 

3.929 

308.690 

0.703 

309.162 

0.472 

48 

B.  A.  C.  410     .     . 

1850 

3 

«5 

6.529 

+  312.413 

4-  0.931 

4-  312. 175 

4-  0. 238 

49 

d'   CeU 

1755, 

6 

II 

47. 032 

+  299. 503 

+  0. 115 

4-  300. 135 

—  0 J632 

—  0.004 

1850 

656 

16 

31.621           299.636 

0.164*" 

300.269 

0.633 

1900 

• 

19 

1. 461 

299.724 

0.188 

300. 359 

0.63s 

50 

fi    Piscium       -     .     . 

1755 

5 

>3 

5.870  '  -f  320.078 

+  1. 565 

4-  320. 535 

-0.457 

1850 

18 

18 

10.658          321.590 

1. 618 

322.048 

0.458 

51 

94  Piscium 

>755 

5 

>3 

30.517    4-  320.922 

+  1.567 

+  320.668 

+  0.254 

1850 

II 

18 

36.  no 

322. 439 

1.628 

322. 188 

0.251 

52 

95  Piscium             .     - 

«755 

4 

14 

58.215     +309.728 

+  0.784 

+  310.064 

—  0. 336 

1850 

7 

19 

52. 816          310. 494 

0.828 

3>o.833 

0.339 

53 

38  Cassiopex  .     .     . 

1755 

5 

n 

24.64   !  +  419.  II 

+13  27 

+  416. 67 

4-  2.44 

1800 

• 

16 

34.60         425.18 

13.67 

422.72 

2.46 

1850 

»         • 

20 

8.94 

432.13 

14.13 

429.64 

2.49 

1900 

»                 m 

23 

46.79 

4-  439. 3» 

+14.60 

+  436. 80 

+  2.51 

STANDARD  CLOCK  AND  ZODIACAL  STARS. 
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DECLINATIONS. 


No. 


37 


38 


39 


40 


41 


42 


43 


44 


45 
46 

47 

48 
49 


SO 


51 


52 


53 


Star. 


77  Pisdttm 


75  Pisdum 


29  Ceti 


e    Piscium 


j3    Andromedae 


33  Ceti 


35  Ceti 


a     Ursae  Minoris 


C    Piscium 

88  Piscium 

/    Piscium 

B.  A.  C.  410 
^   Ceti.     .     . 


p    Piscium 


94  Piscium 


95  Pisdum 


38  Cassiopeae 


7.5 
5.9 

6.5 

6.0 


7.5 

6.3 

5.0 

5-5 

2.0 
2.2  i 


6.0 
6.1 


6.5 
6.3 

2.5 


2.0  I 


4.0 
4.8 

6.7 
6.2 

6.0 
5.2 

6.0 


3.0 
3.2 

5-5 
5.0 

6.5 

6.3  j 

7.0  I 
8.0  . 

6.0  ' 
6.. 


755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 

775 
800 

82s 

850 

875 
900 

755 
850 

755 
850 

755 
850 

850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
800 

850 

900 


Declination. 


o      / 
+  3  35 
4    6 

+11  38 
12    9 

-f-  o  42 
I  12 

4.  4  20 
451 

4-34  18 

34  49 

35  05 

+  I    8 
138 

+  I  10 

1  40 

+8759 
88    6 

88  14 

88  22 

8830 

8838 

+88  46 

+  6  16 
6  46 

+  5  41 
6  12 

-f  2  19 

2  49 

+  6  37 

-  9  27 

857 
8  41 

+17  53 
18  23 

4-17  57 
18  27 

+  44 
4  34 

+6859 

69  13 
69  29 

+69  44 


50.51 
29.92 

10.28 
2.00 

24.67 
28.30 

50.  II 
17.35 

54.10 
26.03 
25.28 

5.72 
45- 09 

16. 17 
39- 92 

41.  II 
14.60 
24.42 

31-47 
34.96 
33.86 
26.66 

22.18 
50.44 

33.28 
1.45 

2.89 
23.40 

23.42 

17.95 
32.07 

57.57 
18.50 
23.34 

43.89 
41.02 

57.01 
40.88 

31.75 
43.30 
24.42 

59.91 


Centennial 
variation. 


-f 


-f 


+ 


+ 


+ 


+ 


•f 


+ 

+ 

+ 

+ 
+ 


+ 


+ 


4- 


+ 


// 


Secular 
variation. 


940.64 
929.  55 

954.  78 
943.42 

904.23 
892.74 

929.08 
917.61 

934.49 
922.00 

914.98 

942.09 

930. 18 

925.80 
913.49 

970. 59 
964.  II 

954. 19 
941.68 

925.60 

904.58 

876. 41 

931. 13 
918. 46 

930.69 
917.96 

922. 85 
909.63 

917.52 

886.78 
872. 83 
865.16 

907.33 
892. 17 

899- 37 
884.05 

885.18 
870.18 

896.98 
887.67 
876.71 

865. 12  i  — 

I 


II 

1.20 
2. 16 

I  46 
2.46 

1.63 

2.57 

1.60 

2.55 

2.56 

3.75 
4.37 

2.09 
3.02 

2.35 
3.57 

29.82 

35.35 
44.28 

55.95 
71.36 
96.72 

131.46 

2.85 
3.82 

2.92 
3.88 

3-45 
4.37 

5.50 

4.26 

5.12 
5.56 

5.44 
6.48 

5.60 
6.66 

5.32 
6.26 

20. 18 
21.27 

22.53 
23.86 


Struve's 
precession. 


4- 


4- 


4- 


4- 


+ 


4- 
+ 

4- 

4- 

4- 
+ 


+ 


+ 


+ 


// 


952. 71 
941.61 

951.63 
940. 27 

948.17 

936. 70 

947.32 

935. 83 

946.65 

934.21 
927. 22 

942.59 

930. 71 

938. 16 
925. 95 

970.  II 
963.68 

953. 84 
941.42 

925.44 

904.54 
876.51 

935. 91 
923. 30 

933.51 
920.  75 

925. 83 
912.64 

898.88 

908.85 
894.87 
887.18 

905.26 
890.08 

904.08 
888.83 

900.06 
885.04 

904.40 

895.14 
884.24 

872.71 


Proper 
motion. 


Sec  var. 

of  proper 

motion. 


// 
—12.07 
12.06 

4-  3.15 
3.15 

—43.94 
43.96 

— 18.24 
18.22 

— 12. 16 
12.21 
12.24 

—  0.50 
0.53 

—12.36 
12.46 

+  0.48 

0.43 

0.35 
0.27 

o.  17 

+  0.04 

—  o.  10 

-4.78 
4.84 

—  2.82 
2.79 

—  2.98 
3.01 

+18.64 

—22. 07 
22.04 
22.02 

+  2.07 
2.09 

—  4.71 
4.78 

—14.88 
14.86 

—  7.42 
7.47 
7.53 

—  7.59 


// 


—  0.06 


l82 


STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


No. 


54 


55 


56 


57 


58 


59 


60 


61 


62 


63 


64 


65 


66 


67 


68 


69 


70 


71 


Star. 


96  Pisdum 


ft    Piscium 


9    Pisdum 


B.  A.  C  455 


100  Pisdum 


10 1  Pisdum 


fr    Pisdum 


B.  A.  C.  490 


103  Pisdum 


104  Pisdum 


105  Pisdum 


a     Eridani 


V    Pisdum 


o    Pisdum 


3    Arietis  . 


4    Arietis 


B.  A.  C.  549 


I     W 


(m      (A 

o  a 
o 


54  Ceti 


755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

850 

875 
900 

755 
850 

900 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 


a 


^    O 


5 
»3 

5 
63 

5 
485 

I 
3 

5 
4 

5 
18 

5 
44 

4 
6 

5 
7 

4 
3 

5 
17 


5 
316 

5 
267 

5 
5 

5 
7 

2 
2 

5 
27 


Right  ascension. 


16 
21 


J. 

'7-432 
13.608 


17  22.463 

22  19. 793 

18  24.745 

23  27.832 
26  7.857 

18  53.546 

23  58.597 

21  53.046 

26  53. 902 

22  42.  705 

27  45. 601 

24  8.649 
29  9-173 
24  40.328 
29  42.153 

26  5.699 
10.692 


31 

26 

31 

26  30.367 

31  35.734 


9.951 
13.628 


38 

34 
40 

35 
40 


Centennial 
variation. 


Secular 
variation. 


32  7. 30 

33  3. 20 
33  59.01 
28  42.308 
33  37.766 

36  13. 591 

32  29.178 

37  28. 690 

40  6.725 ! 

33  20.125 


27. 204 

56. 282 
3.246 

7.254 
13.780 


37  53.975 
42  54.759 


J. 

■f  3".  333 
312.203 

-f  312.572 
313. 394 

+  318.388 
319.698 
320. 406 

-f  320.407 
321.813 

+  316. 113 
317.278 

+  318.200 
3>9.485 

-f  3>5.  766 
316.920 

+  3»M39 
318. 292 

+  320. 347 
321.  752 

-f  319.026 
320. 302 

+  320.  745 
322. 142 

+  223.  74 
223.42 
223. 10 

+  310. 596 
311-425 
3".  877 

+  3*4-  765 
3>5.793 
3>6.349 

+  322.  507 
323. 982 

+  322. 394 
323. 848 

-f  321.935 
323. 390 

-f  316.052 
4-  3>7. 184 


X, 

+  0 
o 

+  o 
o 

+ 


4- 


+ 


-f 


-f 


+ 


+ 


+ 


+ 


-f  o 
o, 
o, 


-f 


+ 


4- 


-f 


893 
939 

842 
888 

354 

403 
428 

456 
505 

204 
249 

330 
376 

193 
237 

189 
23Q 

456 
503 

320 
366 

448 
495 

32 
30 

27 

852 
894 
916 

062 
102 
124 

531 
575 

508 
55.2 

510 

554 

172 
212 


Struve's 
precession. 


f. 
+  3"- 607 

3^2.479 

+  310. 775 
3"- 594 

+  318. 248 

319.557 
320. 263 

+  319. 671 
321.079 

+  3*6.340 
317.507 

+  3>8.253 
319. 535 

+  316.226 
317-377 

4-  316.230 
3»7.38« 

4.  320.489 
321.897 

4-  318.365 
319.642 

4-  320. 347 
321. 745 

4-  223.46 
223. 14 
222. 82 

4-  310. 737 

3".  569 
312. 021 

4-  3*4.300 

315-325 
315.881 

4-  322. 364 
323. 841 

4-  322. 155 
323.611 

4-  322. 244 
323-  707 

4-  316. 589 
3*7-  723 


Proper 
motion. 


/. 

—  o.  274 

0.276 

4-  1.797 
1.800 

4-  o.  140 
o.  141 
0.143 

4-  o.  736 
0.734 

—  o.  227 
0.229 

—  o.  053 
0.050 

—  0.460 
0.457 

4-  0.909 
0.910 

—  o.  142 

0.145 

-f-  0.661 
0.660 

4-0.398 

0.397 

+  0.28 
0.28 
0.28 

—  o.  141 
0.144 
o.  144 

4-  0.465 
0.468 
0.468 

4-  o.  143 
o.  141 

4-  o. 239 
0.237 

—  0.309 
0.317 

—  o.  537 
O.S39 


Sec.  var. 

of  proper 

motion. 


/. 


0.000 


STANDARD  CLOCK  AND  :iODIACAL  STARS. 


DECLINATIONS. 
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No. 


54 


55 


56 


57 


58 


59 


60 


61 


62 


63 


64 


65 


66 


67 


68 


69 


70 


71 


Star. 


96  Pisdum 


fi    Piscium 


9    Piscium 


B.  A.  C.  455 


100  Pisdum 


loi  Pisdum 


n    Pisdum 


B.  A.  C.  490 


103  Pisdum 


104  Pisdum 


105  Pisdum 


a    Eridani 


V    Pisdum 


0    Pisdum 


3    Arietis 


4    Arietis  . 


B.  A.  C.  529 


54  Ceti 


6.5 

6.6 

5.0 
5.0 
4.0 
3.7 

8.0 
7.0 

7.0 
6.8 

6.0 

6.3 

6.0 

5.7 

7.5 

7.5 
6.8 

6.5 
7.5 
6.0 
6.3 
i.o 


5.0 
4.5 

5.0 
4.3 

6.5 
6.0 

6.5 

5.7 

8.0 
8.2 

6.0 
5.5 


t 


755 
850 

755 
850 

775 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

850 

875 
900 

755 
850 

900 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 


Declination. 


// 


+  61  16.62 
6  31    4.  72 

-f  4  52  20.08 
5  22    7.84 

+  14  4  27.45 
4  34  14-  85 
4  49  49-  34 


+ 
+ 

+ 


6  II     7 

I  1741.73 
I  47  19. 13 

3  23  59. 57 
3  53  33-  62 

0  52  45. 18 

1  22  20.86 


+ 


-f 


+ 


+ 


+ 


+ 


0  49 

1  18 

5  22 
5  51 

3    I 

3  31 

5  9 
538 

58  o 
57  52 
57  44 

4  14 
4  43 
458 

7  54 

8  24 

839 
16  10 
»6  39 


16.61 
41.93 
21.89 
44.38 

59.31 
20.  70 

11.36 
33-98 

o.  14 
20.30 

4".^  33 
18.86 
35-92 
53-79 

56.13 

3.04 

15.32 

33-28 
33.26 


15  43  29.43 

16  12  23*28 

»5  47  15.55 
16  16  13. 17 

9  49  11.68 
10  17  54.34 


Centennial 
variation. 


// 


4-  1889.80 
1874. 48 

+  1889.61 

1873.95 

■f  1889.43 

1873-  37 
1864.53 


+ 


-f 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


-f 


+ 


+ 


879. 14 
862.59 

875.76 
858. 92 

877. 56 
860.60 

866.76 
849. 52 

863.94 
846.41 

862.77 
845. 26 

864. 14 
846. 49 

841.07 

837-  63 
834.18 

858. 20 
840.72 
830.90 

847. 97 
829. 58 

819.  54 

840. 95 
821.99 

834. 64 
815.40 

838.60 
819. 39 
822.91 
803.59 


Secular 
variation. 


II 

15.64 

+  1 

16.60 

16.00 

+  I 

16.97 

16.40 

+ 1 

17.41 

17.95 

16.62 

4-  I 

17.66 

16.92 

+  I 

17.92 

17.22 

+  I 

18.22 

17.36 

+  I 

18.34 

17.56 

+  I 

18.73 

17.94 

-f  I 

18.97 

17.93 

+  I 

18.94 

18.07 

+  I 

19. 10 

13-58 

+  I 

13.68 

13.78 

17-93 

+  I 

18.87 

19.36 

18.87 

+  I 

19.84 

20.34 

19.44 

+  I 

20.48 

19.73 

+  I 

20.77 

19.71 

■f  I 

20.74 

19.85 

+  I 

20.83 

Struvc's 
precession. 


// 


[896.35 
[880.98 

[893. 19 
[877. 61 

[890. 17 
[874.  II 
[865. 27 

1888.75 
[872. 54 

1879.  75 
1863. 19 

[877. 22 
[860.38 

[872. 69 

1855.  79 

[871.04 

^853. 94 

[866.54 
[849.00 

[866.36 
[848.84 

[865. 22 
t847. 58 

1845.79 
[842.38 

[838.95 

[858. 00 
[840. 54 
[830. 80 

1845. 30 
[826. 94 
[816.92 

[842.35 
[823. 40 

[836.  75 
1817.53 

[836. 12 
[816. 87 

[826. 16 
[806.81 


Proper 
motion. 


// 


-6.55 
6.50 

-3.58 
3.66 

—  0.74 
0.74 
0.74 


—  0.61 
0.60 

—  1.46 
1.46 

+  4.87 
4.81 

—  4.28 
4.42 

—  2.60 
2.59 

—  3-59 
3.58 

—  1.08 
1.09 

—  4.72 
4.75 
4.77 

-f-  0.20 
0.18 
o.  10 

+  2.67 
2.64 
2.62 

—  1.40 
1. 41 

—  2.  II 
2.13 

+  2.48 
2.52 

—  3-25 
3.22 


Sec  var. 

of  proper 

motion. 


// 


1 84 


STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


No. 

Star. 

• 

I 

Number  of 
observations. 

Right  ascension. 

• 

Centennial 
variation. 

Secular 
variation. 

Struvc's 
precession. 

Proper 
motion. 

Secvar. 

of  proper 

motion. 

n,     tn. 

J. 

s. 

J. 

s. 

/. 

s. 

72 

y*   Arietis  .... 

1755 

9 

I   40 

8.085 

+  325.918 

+  1.660 

+  325. 477 

+  0.441 

1850 

26 

I     45 

18. 463 

327.518 

1.709 

327. 083 

0.435 

73 

y*  Arietis  .... 

«755 

0 

I     40 

8.085 

+  325. 918 

+  1.660 

+  325. 477 

+  0.441 

1850 

35 

I     45 

18. 463 

327.518 

1.709 

327. 083 

0-435 

74 

fl    Arietis  .... 

1755 

10 

I     41 

9.443 

+  327. 947 

+  1.744 

+  327. 345 

+  0.602 

1850 

408 

I     46 

21.789 

329. 636 

1. 811 

329. 045 

0.591 

— 0.002 

1900 

• 

I     49 

6.835 

330. 548 

1.836 

329. 961 

0.587 

75 

I     Arietis  .... 

>755 

5 

I     44 

0.668 

+  324.693 

+  1.585 

+.  324. 491 

+  0.202 

1850 

33 

I    49 

9.848 

326.219 

1.627 

326. 019 

0.200 

76 

50  Cassiopese  . 

»755 

5 

I    43 

2.90 

-f  476. 85 

+17.29 

+  477. 96 

—  I.  II 

1800 

- 

I    46 

39.24 

484.74 

17.79 

485.86 

1. 12 

1850 

- 

I     50 

43.85 

493.  78 

18.36 

494.91 

1. 13 

1900 

- 

I    54 

53.06 

503, 10 

18.93 

504.26 

1. 16 

77 

B.  A.  C.  609     .     . 

1850 

20 

I    51 

24.494 

+  3'9.9" 

+  1.302 

+  319.960 

—  0.049 

78 

a     Arietis  .... 

1755 

10 

I    53 

25.083 

-f  334.403 

+  1.982 

+  333. 040 

+  1.363 

0.000 

1850 

- 

I    58 

43.665 

336. 302 

2.020 

334.944 

1.358 

1900 

- 

2      I 

32.069 

337. 3>  7 

2.042 

335.960 

1.357 

79 

15  Arietis  .... 

1755 

5 

I    57 

5.725 

+  329. 236 

+  I.  721 

+  328.669 

+  0. 567 

1850 

12 

2      2 

19. 281 

330.888 

1.757 

330. 323 

0.56s 

So 

64  Ceti 

1755 

5 

I    58 

26.896 

+  314.602 

+  1.092 

-f  315.603 

—  1. 001 

1850 

6 

2      3 

26. 267 

315.656 

1. 126 

316.652 

0.996 

81 

17     Arietis  .... 

1755 

5 

I    59 

8.302 

+  332.269 

-f  1.842 

+  331.242 

+  1.027 

1850 

15 

2      4 

24.793 

334. 035 

1.877 

333.006 

1.029 

82 

19  Arietis  .... 

1755 

5 

I    59 

44.054 

+  324. 375 

+  1.468 

+  323. 786 

+  0.589 

1850 

H 

2      4 

52. 877 

325.  786 

1.502 

325. 196 

0.590 

83 

^'    Ceti 

1755 

5 

2      0 

2.724 

4-  3>5.875 

+  1. 119 

+  316.026 

—  0. 151 

1850 

164 

2      5 

3.314 

316.952 

1. 151 

317. 102 

0. 150 

1900 

- 

2      7 

41.935 

317.531 

1. 165 

317.681 

0. 150 

84          B.  A.  C  686     .     . 

>755 

3 

2     0 

19.168 

+  329.479 

+  I.  732 

+  329. 363 

+  0. 116 

1850 

3 

2      5 

32.960 

33>.  142 

1.768 

331.033 

0. 109 

85 

0    Arietis  .... 

1755 

5 

2      4 

32.800 

+  330.363 

4-  I.  754 

+  330.481 

—  0. 118 

1 

1850 

34 

2      9 

47.442 

332. 045 

1.787 

332. 166 

6. 121 

■ 

86     23  Arietis  .... 

1755 

4 

2      5 

34.405 

+  330. 205 

+  I.  734 

+  330.382 

—  0.177 

1 

1850 

3 

2    10 

48.886 

331.867 

1.765 

332. 050 

0.183 

87           B.  A.  C.  738     -     - 

1755 

I 

2    II 

5.864 

-f  318.456 

+  1. 211 

+  318.659 

—  0.203 

1850 

3 

2    16 

8.948 

319.620 

».239 

319. 822 

0.202 

1 
88     t     Cassiopese  .     .     . 

1755 

. 

2      9 

15.46 

+  468.96 

+12.51 

+  469.  74 

—  0.78 

1 

1800 

- 

2    12 

47.76 

474. 65 

12.73 

475. 43 

0.78 

1850 

- 

2    16 

46.68 

481.07 

12.97 

481.86 

0.79 

1 

1900 

• 

2    20 

48.85 

+  487. 61 

+13.19 

+  488. 41 

—  0.80 

STANDARD  CLOCK   AND  ZODIACAL  STARS. 


185 


DECLINATIONS. 


No. 

Star. 

•  s 

t 

Declination. 

Centennial 
variation. 

• 

0    /        // 

It 

72 

y*   Arietis  .... 

4.5 

nss 

-f  18    4  54.44 

+ 

1807.98 

3.7 

1850 

18  33  22.41 

1787.59 

73 

y*  Anetis  .... 

4.5 

1755 

+  18    5    3.02 

+ 

1807. 97 

3.7 

1850 

18  33  30. 98 

1787.58 

74 

j3    Arietis  .... 

3.0 

1755 

-f  19  35  58. 67 

+ 

1802. 42 

3.0 

1850 

20    4  21.21 

1 781.  71 

1900 

20  19    9.25 

1770.41 

75 

£     Arietis  .... 

6.0 

1755 

+  16  36  38.17 

+ 

1800.  12 

5.7 

1850 

17    4  58.40 

1779.15 

76 

50  Cassiopeae  .     .     . 

4.5 

1755 
1800 

+  71  13    5.95 
71  26  36.93 

+ 

1S09.28 
1795.04 

4.0 

1850 
1900 

71  41  30.32 
71  56  15.17 

1778.39 
1760.88 

77 

B.  A.  C.  609     .     . 

6.0 

1850 

+  "  33  53.54 

+ 

1766.98 

78 

a    Arietis  .... 

3.0 

1755 

-f-  22  17  29.96 

+ 

[750.71 

2.0 

1850 
1900 

22  45    2. 12 
22  59  22.63 

'727.35 
1714.63 

79 

15  Arietis  .... 

6.0 

1755 

-f  18  19  56. 14 

+ 

1746.48 

5.7 

1850 

18  47  24. 18 

1722.90 

80 

64  Ceti 

6.5 

1755 

+     72437.90 

-f 

'733.83 

5.7 

1850 

7  51  54.35 

171 1. 20 

81 

J7    Arietis  .... 

6.0 

1755 

-f  20    2  48.92 

+ 

1742.69 

5.3 

1850 

20  30  13.07 

[718.52 

82 

19  Arietis  .... 

7.0 

1755 

+  14    7    8.77 

+ 

[736.66 

5.7 

1850 

14  34  27. 44 

[713.00 

83 

fi  Ceti 

5.0 

1755 

+    741    7.89 

+ 

[735.86 

4.3 

1850 
1900 

8    8  26.11 
8  22  39.42 

[712.86 
[700.40 

84 

B.  A.  C.  686     .     . 

8.0 

1755 

+  18  27  14. 83 

+ 

1736.25 

7.2 

1850 

18  54  32. 90 

[712. 15 

85 

0    Arietis  .... 

6.0 

0 

1755 

+  1845  17.21 

+ 

1716.55 

S'7 

1850 

19  12  16. 19 

[691.68 

86 

23  Arietis  .... 

7.5 

1755 

H-  18  33    9. 72 

-f 

[701.07 

7.5 

1850 

18  59  53-  93 

[676. 05 

87 

B.  A.  C.  738     .     . 

8.0 

1755 
1850 

9 

7.7 

-f    9  35  25.6 

- 

»          •          •» 

88 

I     Cassiopeae  .     . 

4.5 

1755 
1800 

+  66  16  51.55 
66  29  31.02 

+ 

[696. 10 
[679.06 

4.0 

1850 
1900 

66  43  25.68 
+  66  57  10.30 

+ 

1659. 39 
[638. 96 

Secular 
variation. 


If 
20.93 
21.99 

20.93 
21.99 

21.26 
22.34 
22.90 

21.55 
22.60 

30.94 
32.43 
34.15 
35.96 

22.56 

24,04 
25.14 
25.72 

24.30 

25.34 

23.36 
24.28 

24.90 

25.99 

24.42 
25.42 

23.76 
24.68 
25.16 

24.84 
25.90 

25.65 
26.  71 

25.82 
26.87 

25.86 
26.80 

37.24 

38.57 
40.09 

41.65 


Struve's 
precession. 


Proper 
motion. 


It 

+ 

1817.97 

1797.61 

+ 

1817.97 

1797.61 

+ 

I8I4. 17 

1793.50 

[782.22 

+ 

1803.34 

1782.38 

+ 

[807. 02 

1792.75 

[776.06 

[758.49 

+ 

1773.31 

+ 

1765.74 

1742.47 

[729.80 

+ 

[750.22 

[726.67 

+ 

1744.36 

[721.69 

+ 

1741.40 

1717.31 

+ 1 

1738.81 

1715.19 

+ 

1737.43 

[714.40 

[701.92 

+ 

[736.26 

[712.15 

+  i 

1717.49 

[692. 52 

+ 1 

1712.73 

[687. 70 

+ 1 

[687  05 

[662.08 

+ 1 

[695. 71 

1678. 64 

[658. 93 

+ 1 

[638.48 

If 

-  9.99 

10.02 

—  10.00 
10.03 

-  11.75 
11.79 
II.81 

—  3.22 
3.23 

+   2.26 
2.29 

2.33 
2.39 

—  6.33 

-15.03 
15.12 

15.17 

—  3.74 
3.77 

—10. 53 
10.49 

-f-  1.29 
1. 21 

—  2.15 
2. 19 

-  1.57 
1.54 

1.52 

—  O.OI 

0.00 

—  0.84 
0.84 

—11.66 
11.65 


+  0.39 
0.42 
0.46 

+  0.48 


Secvar. 

of  proper 

motion. 


// 


—  0.04 


o.  10 


4-  0.03 


STANDARD  CiXXK  AND  ZODIACAL  STARS. 
RIGHT  ASCENSIONS. 


No. 

Slar. 

1 

^1' 

Centennial 
TMialion. 

Secular         SlniTc's 
variation,     precession. 

Proper 
motion. 

Sccvar. 

of  proper 

>i.   m. 

, 

J 

1 

, 

». 

89 

f     Arieds  .     .     - 

'7SS 

3      II 

43-359 

+  319- 'SO  '  +  1.328  '  +3»»iSo 

—  0.000 

■850 

az 

1    16 

47.010 

320.3281          I.2S4            330.330 

O.003 

90 

B.A.C.  755     -     - 

1755 

3      13 

39-313 

+  3'9-477     +  1-330     +319-253 

+  0.2Z4 

.8so 

10 

3      18 

43-375 

320.658  1        1.256         33a  436 

0.333 

9' 

as  ArielU  .     .    .    - 

•JSS 

3      14 

33.403 

+  3'6.933     +  1.19"      +318.849 

—   '-937 

.Sso 

>4 

3      19 

3S.03O 

31S.066  1        1.217         32aoos 

1-939 

91 

PCrti 

■7SS 

2      IS 

9.87s 

+  316-833     +  I- 139    +316-590 

+  0.343 

.850 

13* 

2      20 

11.379 

317.917  1        1.155  1       3'7-674 

0-343 

.,00 

2      33 

50-483 

318.498,        1.168,-      318.255 

0.343 

9.1 

36  Arieiii  .... 

'7SS 

3      16 

57-060 

+  333.019 

+  i.;6i     +333-548 

+  0-471 

18S0 

3      31 

14.226 

334- 704 

1.788         334-335 

0.469 

94 

27  Aiieiis  .     .     .     - 

'7SS 

2      .7 

21.658 

+  339.764 

+  1.623    +  339.500 

+  0.364 

iSjo 

4* 

3      23 

35.669 

331- 3'7 

1.649         331-058 

0.359 

95 

39  Arielii  .... 

'755 

2     19 

31-4*6 

+  335-817 

+  1-477     +  325-978 

—  0.161 

1850 

3      34 

41.633 

327. 232 

'-501           337-393 

o.i6o 

96 

B.A.C.  782     .     . 

■755 

3      19 

57-545 

+  333- 103 

+  '-704     +  331-601 

+  0.S01 

1850 

3      35 

13.814 

333-  733 

1-739,        333.333 

0.S00 

97 

31  Arielis  -     .     .     . 

■755 

2      33 

iB-  539 

+  334. 634 

+  1-337  .  +  333.743 

+  1.883 

1850 

17 

2      38 

37.538 

335-  90s 

1.360  1       324.034 

I.8SI 

98 

.    Ariea,  .... 

•7S5 

2      24 

57-378 

+  337-095 

+  i-8<«  1  +  337-173 

—  0.077 

1850 

25 

2      30 

18.476 

338.90s 

'■9'7  ,       338-984 

0.079 

99 

H    Arietis  .... 

'755 

2      28 

36-095 

+  334-908 

+  '.  771     +  334-  735 

+  0.173 

'850 

11 

2      33 

55-060 

336-601 

'.  793  1       336-  425 

0.176 

■00 

B.A.C.816     -     - 

'755 

2      28 

5'-425 

+  330-418 

+  1. 243  1  +  330. 5«o 

—  0.093 

'850 

a    33 

56-385 

321.606 

1.260  1       331.698 

0.092 

lOI 

85  Cell 

'755 

2     29 

.9.68. 

+  320-570 

+  1.248     +  330.837 

-0.367 

.850 

3    34 

24.785 

32..  7M 

1.369         333.03s 

0.369 

■tn 

7    Ccli 

■755 

3      30 

37-916 

+  309.099 

+    0.898   1    +310.132 

-  1.033 

—a  006 

,8s. 

49S 

3    35 

31.968 

309.961 

0.916              310.992 

1.031 

1900 

3      38 

7.064 

310.433 

0.939  '       3"-459 

1-037 

'03 

36  Ariclii  .... 

'7SS 

3      30 

41.33s 

+  331-913 

+  '-630  1  +  331-540 

+  0.373 

.850 

3    35 

57.390 

333-470 

1-  649              333.  103 

0.368 

104 

0    Arietis  .... 

"7SS 

3      31 

5-377 

+  337. 767 

+    I.4S9       +   337.819 

-0.053 

1850 

11 

3      36 

17- 430 

3^9- 190 

1.5081           329-243 

O.OS3 

los 

38  ArietU  .... 

•75S 

3      31 

38.836 

+  334.388 

+  1-334  1  +  323.  S68 

+  0.8W 

1850 

»7 

3      36 

47.607 

335.661 

1.346]        324.848 

0.813 

106 

,,    Ceti 

'755 

=      31 

44-073 

+  331-843 

+  1.335     +320-116 

+  1.736 

1850 

52 

2       36 

50. 37S 

333-013 

1.241           331. 388 

1.735 

107 

40  Arietis   .... 

'755 

3    34 

50-  749 

+  333.308 

+  1-670     +  333-967 

+  0.341 

1850 

" 

2    40 

8-051 

334.800 

r.682  1       334-552 

0.348 
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DECLINATIONS. 


No. 

Star. 

it 

Epoch. 

Declination. 

Cen 
vai 

itennial 
'iation. 

II 

Secular 
variation. 

Struve*s 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0    '       " 

// 

II 

// 

// 

89 

^     Arietis  .... 

6.0 

1755 

•f    9  29  16.62 

+  1 

[682. 27 

—  26.08 

+  1 

[684.11 

—  1.84 

5.3 

1850 

9  55  42. 85 

1657.06 

27.01 

1658.91 

1.85 

90 

B.  A.  C.  755     .     . 

6.0 

1755 

+    9  26  57.59 

+  ] 

[672.  83 

—  26.40 

+  1 

[674. 83 

—  2.00 

7.0 

1850 

9  53  »4.  72 

1647. 30 

27.35 

[649. 22 

1.92 

91 

25  Arietis  .... 

7.5 

>755 

+    95  52.62 

+  1 

[648.  70 

—  26.  14 

+  1 

[671.27 

-22.57 

7.3 

1850 

9  3>  46.95 

1623. 43 

27.06 

[645. 83 

22.40 

92 

^«   Ceti 

5.0 

1755 

+    7  20  55. 12 

+  1 

[666. 02 

—  26.44 

+  1 

[667. 50 

—  1.48 

4.4 

1850 

7  47    5-  77 

' 

[640. 43 

27.44 

[641.97 

1.54 

• 

1900 

8    0  42. 53 

[626. 58 

27.96 

[628. 19 

1. 61 

93 

26  Arietis  .... 

6.S 

1755 

-f  18  45  10.  77 

+  1 

[655.  58 

—  28.08 

+  1 

[658.  76 

-  3- 18 

6.0 

1850 

19  II  10,  74 

[628. 40 

29.15 

[631.62 

3.22 

94 

27  Arietis  .... 

6.0 

1755 

4-  16  36  22.99 

+  1 

[647. 16 

-  27.87 

+  J 

[656.  74 

-9.58 

6.3 

1850 

17    2  15.07 

[620.  20 

28.89 

[629. 80 

9.60 

95 

29  Arietis  .... 

6.5 

1755 

4-  13  56    9.  59 

+  1 

[648. 89 

—  27.88 

+  1 

[645.98 

+  2.91 

6.3 

1850 

1422    3.31 

[621.95 

28.85 

[619. 04 

2.91 

96 

B.  A.  C.  782     .     . 

6.5 

1755 

+  17  47    6.66 

+  < 

[644.61 

-28.53 

+  1 

[643. 80 

+  0.81 

7.0 

1850 

18  12  56.01 

[617.01 

29.57 

[616.23 

0.78 

97 

31  Arietis  .... 

6.0 

1755 

-f-  II  22  14.26 

+  1 

[618.88 

—  28.  58 

+  1 

[626. 81 

—  7.93 

5.7 

1850 

II  47  39.15 

[591.27 

29.54 

1599.36 

8.09 

98 

V    Arietis  .... 

5.5 

1755 

+  20  53  12.36 

+  1 

[617.17 

—  29.  76 

+  1 

[618.32 

-  1. 15 

5.7 

1850 

21   18  35.08 

[588.39 

30.82 

^589. 55 

1. 16 

99     fi     Arietis  .... 

6.0 

1755 

+  18  57    8.34 

+  1 

1593.87 

—  30. 26 

+  1 

[599.26 

-5  39 

6.0 

1850 

19  22    8.  72 

[564.63 

31.30 

[570.09 

5.46 

100 

B.  A.  C.  826     .     . 

7-0 

1755 

-f    9  29    3.98 

+  1 

1593.97 

—  28. 95 

+  1 

1597.89 

—  3.92 

7.  > 

1850 

9  54    5.04 

[566.01 

29.91 

1 569. 95 

3.94 

101 

85  Celi 

6.0 

1755 

4-    9  40  58. 18 

-f  1 

1591.46 

—  29. 05 

+  1 

'595.41 

-  3.95 

6.0 

1850 

10    5  56.87 

^563.45 

29.91 

1567. 37 

3.92 

102 

y    Ceti 

3.0 

1755 

+    2  II  21.55 

+  1 

1572.62 

—  28.17 

+  1 

[588.46 

-15.84 

4-0.08 

3-2 

1850 

2  36    2.  70 

1545.47 

28.98 

[561.24 

15.77 

1900 

2  48  51.80 

[530.87 

29.40 

1546.60 

15.73 

103 

36  Arietis  .*     .     .     . 

7.0 

1755 

+  16  42  41.95 

+  1 

[584  41 

—  30.31 

+  1 

[588. 15 

-3.74 

6.5 

1850 

17    733.31 

^555. 14 

31.31 

[558.92 

3.78 

104 

0    Arietis  .... 

6.5 

«755 

+  14  15  34.78 

+   « 

[582.89 

—  29.96 

-f  1 

[586.00 

-  3.11 

6.0 

1850 

14  40  24.85 

^553.96 

30.94 

1557.07 

3.11 

105 

38  Arietis   .... 

5.5 

1755 

4-  II  23  58.27 

+  1 

1575.22 

—  29.90 

+  1 

[583.04 

—  7.82 

5.0 

1850 

II  48  41.09 

[546.39 

30.80 

1554.30 

7.91 

106 

11    Ceti 

4.0 

1755 

■f    9    3  52. 84 

+  1 

[579. 62 

—  29.  75 

+  1 

[582.56 

—  2.94 

4.3 

1850 

9  28  39. 98 

[551.10 

30.32 

[554.04 

2.94 

107 

40  Arietis  .... 

6.0 

1755 

4-  17  14  50.54 

+  1 

[561.96 

—  31- 14 

+  1 

1565.65 

—  3.69 

6.3 

1850 

17  39  20.22 

1531.97 

32.00 

[535.66 

3.69 

1 88 
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RIGHT  ASCENSIONS. 


No. 

Star. 

1 

Epoch. 

Number  of 
observations. 

Ris 

htas 

cension. 

s. 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

A, 

m. 

s. 

J. 

s. 

J. 

s. 

io8 

n    Arietis  .... 

1755 

5 

2 

35 

39. 856 

-f  33^'  772 

+  1. 609 

+  331.  774 

—  0.002 

1850  1 

43 

2 

40 

55-768 

333. 309 

1.627 

333.3*3 

0.OQ4 

109 

0    Arietis  .... 

>755 

5 

2 

38 

0.401 

+  328.450 

+  1.475 

+  328.301 

4.  0.149 

1850 

108 

2 

43 

13-097 

329. 859 

1.491 

329.  710 

0.149 

no 

p'    Arietis  .... 

ms 

5 

2 

4> 

'3-977 

+  333.211 

+  1. 619 

+  332. 993 

+  0.218 

1850 

3 

2 

46 

31.260 

334.  755 

1.632 

334.544 

0.211 

III     p*  Arietis  .... 

1755 

5 

2 

42 

5.265 

+  333. 954 

-f  1.650 

+  334. 103 

—  0. 149 

1850 

15 

2 

47 

23.268 

335. 528 

1.665 

335-681 

0153 

112     ffi  Arietis  .... 

>755 

5 

2 

42 

39. 036 

+  335.604 

+  1.610^ 

+  333.694 

4-  1. 910 

1850 

39 

2 

47 

58. 591 

337. 150 

1.644 

335. 249 

1. 901 

113  1  47  Aiieiis  .... 

1755 

4 

2 

44 

6.923 

+  339. 907 

+  1-794 

+  338. 383 

4-  1.524 

1850 

14 

2 

49 

30. 646 

341.617 

1.806 

340.092 

1.525 

114 

r.  A.  r.  920     .     . 

1755 

2 

2 

44 

53-42 

+  340. 45 

+  1.852 

+  340. 165 

4-0.285 

1850 

4 

2 

50 

17.67 

342.19 

1.867 

341.928 

0.262 

"5 

e    Arietis  .... 

1755 

5 

2 

45 

15. 152 

+  339.632 

+  1.834 

+  339. 740 

—  0.  loS 

1850 

71 

2 

50 

38. 630 

341.378 

1.843 

341.482 

0. 104 

116 

50  Arietis  .... 

1755 

3 

2 

46 

47. 920 

+  334.036 

+  1.624 

+  334. 229 

—  0. 193 

1850 

3 

2 

52 

5.989 

335. 584 

1.635 

335.  782 

0.198 

"7 

a     Ceti 

1755 

10 

2 

49 

30.009 

+  3".  745 

+  0.952 

4-  311.901 

—  0. 156 

—  0.0C4 

1850     . 

- 

2 

54 

26.599 

312.657 

0.965 

312.815 

0.158 

1900 

• 

2 

57 

3.048 

313. 141 

0.972 

313.301 

0. 160 

118 

52  Arietis  .... 

>755 

5 

2 

51 

8.024 

+  347. 853 

4-  2.070 

+  347. 989 

—  0. 136 

1850 

3 

2 

56 

39-  419 

349. 822 

2.076 

349.960 

0.138 

119 

Lai.  5725     .     .     . 

1850 

- 

2 

58 

9.9 

. 

+  1.372 

+  328. 155 

- 

120 

53  Arietis  .... 

1755 

5 

2 

53 

40. 810 

-f  334. 643 

-f  1.650 

+  334.961 

—  0.318 

1850 

21 

2 

58 

59-  461 

336. 193 

1.613 

336. 490 

0.297 

121 

54  Arietis  .... 

»755 

5 

2 

54 

30.821 

+  336.  713 

+  1.655 

+  336. 695 

4-  p.  018 

• 

1850 

5 

2 

59 

5»-447 

338.289 

1.662 

338. 271 

0.018 

122 

48  Cephei  .... 

1755 

2 

50 

14.26 

+  694.24 

+33-  57 

-f  692. 59 

4-  1.6s 

>775 

2 

52 

33-79 

700.99 

33.88 

699.34 

1.65 

1800 

2 

55 

30.10 

709.51 

34-25 

707.86 

•  1.65 

1825 

2 

58 

28.55 

718. 12 

34.60 

716. 48 

1.64 

1850  1 

3 

I 

29. 16 

726. 81 

34.94 

725.17 

1.64 

1875 

3 

4 

3».97 

735. 59 

35.25 

733. 95 

1.64 

1900 

3 

7 

36.97 

+  744.43 

+35. 55 

-f  742.80 

4-  1.63 

123 

A    Arietis  .... 

1755 

5 

2 

57 

40.006 

+  339. 816 

+  i.7>o 

+  338. 832 

4-  0.984 

1850 

233 

3 

3 

3- 603 

341.442 

1. 714 

340. 455 

0.987 

1900 

- 

3 

5 

54.538 

342. 299 

1. 715 

341.309 

0.990 

124 

C     Arietis  .... 

1755 

5 

3 

0 

5>-999 

+  341.559 

4-  1.766 

+  341.  775 

—  0.216 

—  0.003 

• 

1850 

114 

3 

6 

17.278 

343. 238 

1.764 

343. 454 

0.216 

1900 

• 

3 

9 

9.117 

344-120 

1.764 

344.339 

—  a  219 
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DECLINATIONS. 


No. 

Star. 

• 

^ 

S 

• 

1 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Sec  var. 

of  proper 

motion. 

, 

0     /       f 

II 

// 

// 

II 

// 

108 

n    Arietis  .... 

5.0 

^755 

-f-  16  25  45.62 

+ 

1560.34 

31.07 

4-  1561. 16 

—  0.82 

5-7 

1850 

16  50  13.  77 

1530.35 

32.06 

1531.17 

0.82 

109 

0    Arietis  .... 

6.0 

1755 

-h  14    3  26.06 

+ 

1544. 22 

-  31.19 

+  1548.19 

—  3.97 

5.7 

1850 

14  27  38. 85 

15 14. 14 

32.13 

1518. 16 

4.02 

no 

/I*   Arietis  .... 

75 

1755 

+  16  43  20. 87 

+ 

1527.05 

—  32. 12 

+  1530.07 

—  3.02 

7.0 

1850 

17    7  16.92 

1496. 07 

33-" 

• 

1499. 10 

3.03 

III 

p«   Arietis  .... 

6.0 

1755 

4-  17  19  20. 80 

+ 

1523.75 

—  32. 30 

+  1525.22 

—  1.47 

6.0 

1850 

1743  13.63 

1492. 60 

33.28 

1494.06 

1.46 

112 

p*  Arietis  .... 

6.0 

1755 

+  17    I  44.83 

-f 

1502. 80 

—  32. 81 

-f  1522.00 

—19. 20 

6.0 

1850 

17  25  17.54 

1471. 15 

33.81 

1490.62 

19.47 

"3 

47  Arietis  .... 

6.0 

1755 

+  19  40    8.  78 

+ 

1510.95 

—  33.42 

+  I5»3.62 

—  2.67 

6.0 

1850 

20    3  48. 95 

1478.  74 

34.40 

1481.61 

2.87 

114 

B.  A.  C.  920     .     . 

7.0 

1755 
1850 

1755 

+  1509.21 
1476.96 

+  1507.07 

^ 

7.0 

+  21    0  53.9 
-f  20  20  36.47 

"5 

e    Arietis  .... 

#  • 
5.0 

+ 

1507. 06 

—  33. 45 

—  o.oi 

4.3 

1850 

20  44  12.95 

1474.80 

34.47 

'474. 91 

0.  If 

116 

50  Arietis  .... 

7.5 

1755 

-f  17    0  54.89 

+ 

1495.91 

—  33. 04 

-f-  1498. 10 

— -  2. 19 

6.8 

1850 

17  24  20.94 

1464. 05 

34.02 

1466. 17 

2. 12 

"7 

a     Ceti 

2.5 

>7S5 

+    3    6  47. 30 

-f 

1473-  65 

—  31.28 

-f-  1482.25 

—  8.60 

4-  o.oi 

2.4 

1850 

3  29  53-  00 

1443.  56 

32.06 

1452. 15 

8.59 

1900 

3  41  50.  76 

1427.44 

32.46 

1436.03 

8.59 

118 

52  Arietis  .... 

6.5 

1755 

4-  24  17    2.66 

+ 

1470.  29 

-  35.09 

+  1472.59 

—  2.30 

5.7 

1850 

24  40    3. 44 

1436. 45 

36.16 

1438.  73 

2.28 

119 

Lai.  5725     .     .     . 

6.0 

1850 

-f  12  36  28.8 

• 

. 

—  34. 19 

+  1429. 5 > 

. 

120 

S3  Arietis  .... 

6.0 

1755 

4-  16  55    1.43 

+ 

1458. 00 

—  34.17 

+  1457.40 

-f  0.60 

6.3 

1850 

17  17  50.97 

1425.08 

35.12 

1424. 43 

0.65 

121 

54  Arietis  .... 

6.5 

1755 

4-  17  50  H.33 

■f 

1450.  74 

34.52 

+  1452.33 

—  1.59 

6.3 

1850 

18  12  56.82 

1417.52 

35.41 

1419.08 

1.56 

122 

48  Cephei  .... 

6.0 

«755 

+  76  47  43. 66 

4- 

1472. 88 

69.34 

+  >477.88 

-  5.00 

^ 

1775 

76  52  36. 85 

t 

>  458. 93 

70.75 

1463. 96 

5.03 

• 

1800 

76  58  39. 34 

1441.00 

72.57 

1446. 07 

5.07 

1825 

77    4  37.31 

1422. 63 

74.37 

1427.  74 

5.  II 

6.3 

1850 

77  10  30. 63 

1403. 81 

76.27 

1408.96 

5.15 

1875 

77  16  19. 19 

1384.50 

78.19 

1389.69 

5.19 

1900 

+  77  22    2.86 

+ 

1364.  74 

—  80.08 

+  1370.00 

—  5.24 

123 

d    Arietis  .... 

4.0. 

1755 

+  18  46  54. 86 

+ 

1433. 19 

-35.5' 

+  1433.  »3 

-f-  0.06 

4.0 

1850 

19    9  20.22 

1398.99 

36.50 

1399. 13 

—  0. 14 

1900 

19  20  55. 13 

1380. 61 

37.00 

1380.87 

0.26 

124 

C    Arietis  .... 

5.0 

1755 

-f-  20    7    7. 1 1 

+ 

1404. 93 

—  35.96 

+  1413.37 

-8.44 

+  0.02 

4.7 

1850 

20  29    5. 43 

1370. 33 

36.91 

1378.  76 

8.43 

1900 

20  40  25.97 

1351.  75 

37.41 

1360. 16 

8.41 

igo 


STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


No. 


Star. 


125     60  Arietis 


126     r'    Arietis 


127 


a    Persei 


128     r«    Arietis 


129     64  Arietis 


130     65  Arietis 


>3> 


B.  A.  C.  1055 


132     66  Arietis 


133     s     Tauri 


134    /    Tauri 


135     7    Tauri 


136     e     Eridani 


137  9  Tauri     .     . 

138  B.  A.  C.I  1 19 

139  II  Tauri     .     . 

140  d  Persei 


141  13  Tauri     .      . 

142  14  Tauri     .     . 

I 

143  B.  A.  C.  1 143 

r 

I 

144  ^    Pleiadum    . 


.  ! 


755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

755 

850 

i 
755  i 
850  I 

755 
850 

755 
850 

755 
850 

900 

755 
850 

850 

755 
850 


0  c 
u  .2 

1  ^ 

^-8 


5 
6 

I 

45 

8 

295 

5 
9 

5 
24 

5 
13 

I 

6 

5 
8 

5 

H 

5 
"3 


755 
850 

850 

755 
850 


5 

t3 


n 


5 
115 

5 
36 

10 

5 
61 


Right  ascension. 


3   5 


II 

7 
12 

6 

>3 
17 

8 
14 


32 

7 
34 

57 
38 
10 


42 

7 


3 
3 

3 
3 
3 

3 
3 

3 
3 

3 
3 

3 
3 

3  >4  10 
3  19  40 


9 

53 

^5 

27 

10 

21 

>5 

47 

10 

22 

»5 

51 

3 
3 

3 
3 

3 
3 

3 
3 
3 

3 
3 


>7 
22 

17 
22 

19 
25 

21 

25 

28 

22 
28 


3 
12 

22 

35 

58 
34 

24 
51 
13 

36 
9 


3  30  57 
3  26  II 
3  3>  49 


755 

5 

3 

25 

35 

850 

128 

3 

32 

15 

900 

• 

3 

35 

48 

755 

5 

3 

28 

13 

850  , 

>3 

3 

33 

40 

5   3  29  39 
5   3  35   7 

7  '  3  35  45 


4 
19 


3  30   n 

3  35  S3 


s. 
57.568 
702 

646  I 
508  j 

864  . 

335 
862 


069 
793 
618 
556 

271 

667 

605 

823 

132 

949 

022 
902 

971 

868 

979 

108  I 

167  ! 

958  I 
099 

464 
296 

153 

362 
291 

668 

974 
174 

677 
338 

727 
270 

078 

299 
722 


Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

J. 
-f-  0.066 

0.065 

Sec.  var. 

of  proper 

motion. 

s, 
-f  351.809 
353.  738 

J. 
+  2.033 

2.028 

J. 
+  351.  743 
353. 673 

J. 

+  343.  235 
344.896 

+  I.  751 
1.746 

+  342.954 
344.614 

+  0. 281 
0.282 

+  419.245      +4.857 
423.848  1        4.833 
426.261           4.819 

+  418. 930 
423. 537 
425. 952 

+  0.315 
0.31 1 
0.309 

—0.005 

+  342.050 
343.686 

+  1.722 
I.  722 

+  342.408 
344.044 

—  0. 358 
0.358 

+  350.  586 
352. 443 

+  1.957 
1.952 

+  350. 552 
352.411 

+  0.034 
0.032 

+  342.  759 
344.390 

+  I.  721 
I.  714 

+  342.  778 
344.4" 

—  0.019 
0.021 

+  345.693 
347. 398 

+  I.  797 
1.792 

+  345-  208 
346.921 

+  0. 485 
0.477 

+  347. 370 
349.085 

-f  1. 810 
1. 801 

+  347. 379 
349.  loi 

—  0.009 
0.016 

+  325.606 
326.  771 

+  1.227 
1.226 

+  325.  740 
326.906 

—  0. 134 
0.135 

+  328.  748 
329. 983 

+  1.300 
1.300 

+  328. 712 
329. 946 

+  0.036 
0.036 

+  351.871 
353. 661 

+  1. 891 
1.878 

+  351.811 
353-  603 

-f  0.060 
0.058 

-f  281.627 
282. 145 
282.421 

+  0. 540 
0.550 

0.555 

+  288. 275 
288.  790 
289.065 

—  6.648 
6.645 
6.644 

+  349. 501 
35>.  190 

+  1.767 
1.788 

+  349. 594 
351.298 

—  0.093 
0. 108 

. 

+  338. 108 

+  1.423 

+  337.  781 

+  0. 327 

+  354.811 
356.617 

+  i.9»i 
1.892 

+  354.  771 
356. 581 

-f  0.040 
0.036 

+  419. 380 
423. 361 
425. 435 

+  4.217 
4.165 

4.132 

+  419.019 
423. 012 

425.089 

+  0.361 

0.349 
0.346 

—0.006 

+  343. 105 
344.603 

+  1.578 
1.569 

+  343-105 
344.603 

0.000 
0.000 

+  344.039 
345. 524 

+  1.570 
1.556 

+  343.226 
344.  714 

+  0.813 
0.810 

+  347.297 

+  1. 618 

+  347.480 

—  0. 183 

+  353. 268 
354.988 

4-  1.822 
1. 801 

+  353- 181 
354.900 

+  0.087 
0.088 
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DECLINATIONS. 


• 

No. 

Star. 

^ 
^ 

Epoch. 

1 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Struve*s 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0     '       /f 

// 

// 

II 

II 

• 

// 

125 

60  Arietis  .... 

7  5 

1755 

-f-  24  45  40. 07 

+ 

1371.63 

-  37. 82 

+ 

1381.41 

-9.78 

6.3 

1850 

25     7    5.89 

1335.  20 

38.86 

1345.  II 

9.91 

126 

r'   Arietis  .... 

6.0 

>755 

-f-  20  14  45. 16 

+ 

1369.61 

37.13 

+ 

1373.97 

-  4.36 

5.0 

1850 

20  36    9. 39 

1333. 88 

38.10 

1338. 29 

4.41 

127 

(I    Persei    .... 

2.5 

>755 

+  48  57  58.91 

+ 

1371.69 

-  45.  IS 

-f 

1375.01 

—  3.32 

—  0.02 

2.0 

1850 

49  19  20.89 

1328.01 

46.81 

1331.34 

3.33 

1900 

49  30  >9-oi 

1304. 39 

47.69 

1307.  73 

3.34 

128 

r^   Arietis  .... 

7.0 

1755 

-f  19  50  48. 35 

+ 

1362. 20 

37. 20 

+ 

1363. 91 

—  I.  71 

5.3 

1850 

20  12    5.48 

1326. 38 

38.20 

1328. 12 

1.74 

129 

64  Arietis  .... 

5.5 

1755 

4-  23  50  13.65 

+ 

1350.  68 

—  38. 28 

+ 1 

1356. 32 

-  5.64 

5.7 

1850 

24  II  19.37 

1313.83 

39.29 

[319.40 

5.57 

130 

65  Arietis  .... 

6.0 

»755 

+  19  54  53-  88 

+ 

1352. 59 

37.52 

+ 1 

1353. 22 

—  0.63 

6.0 

1850 

20  16    I.  76 

1316.53 

38.41 

»3i7.i7 

0.64 

*3i 

B.  A.  C.  1055  -     - 

7.5 

1 755 

-  37. 87 
38.85 

+ 

1353. 10 
1316.69 

»* 

6.8 

1850 

-f  21  30  23.0 

- 

. 

. 

132 

66  Arietis  .... 

6.5 

1755 

+  21  56  26.35 

-f 

1316.03 

-  38. 55 

+ 1 

1328.40 

—12.37 

6.0 

1850 

22  16  59.04 

1278.95 

39.52 

^291.33 

12.38 

133 

s     Tauri     .... 

6.0 

1755 

-f-  10  28  39.  78 

+ 

1306.99 

36.54 

+ 

1309. 40 

—  2.41 

5.0 

1850 

10  49    4.81 

1271.90 

37.34 

1274. 28 

2.38 

. 

134 

/    Tauri     .... 

5.5 

'755 

+  12    4  42.32 

+ 

1307.  58 

-  37.07 

+ 

1307. 21 

+  0.37 

4.0 

1850 

12  25    7.65 

1271.97 

37.90 

[271.69 

0.28 

135 

7     Tauri     .... 

6.0 

1755 

f  23  37  22. 24 

-f 

1285.57 

-39.88 

+ 

[289.84 

—  4.27 

6.0 

1850 

23  57  25. 38 

1247.22 

40.86 

[251.49 

4.27 

136 

e     Eiidani  .... 

4.0 

1755 

—  10  18  13. 12 

+ 

1282. 31 

-  31.56 

+ 1 

[280. 30 

+  2.01 

3.6. 

.  1850 

9  58    9.  25 

1252.07 

32.10 

1249.43 

2.64 

1900 

9  47  47-  24 

1235. 95 

32.36 

[233. 02 

2.93 

137 

9    Tauri     .... 

6.0 

1755 

-f  22  21  53.65 

+ 

1266.  79 

39.94 

+ 1 

[272. 15 

-5.36 

70 

1850 

22  42  38.93 

1228.37 

40.94 

1233.  72 

5.35 

138 

B.  A.  C.  1119  .     . 

6.0 

1850 

4-  16    2  41.21 

+ 

1209.52 

—  39. 82 

+ 1 

1214.34 

—  4.82 

139 

II  Tauri     .... 

6.0 

»755 

+  24  30  59. 33 

+ 

1245. 66 

—  41.08 

+ 1 

1247.  75 

—  2.09 

6.7 

1850 

24  50  24.02 

1266. 18 

42.05 

[208. 28 

2.  10 

140 

fJ     Persei    .... 

3.5 

1755 

+  46  58  46. 37 

+ 

1248.43 

—  48.34 

+ 1 

1252. 81 

-4.38 

3-3 

1850 

47  18    9.86 

1200.  79 

49.85 

[205.17 

4.38 

1900 

47  28    3. 99 

1175.67 

50.63 

[  180. 05 

4.38 

141 

13  Tauri     .... 

6.5 

1755 

-f  18  53  44.  74 

+ 

1231.43 

—  40. 03 

+ ' 

[233.  70 

—  2.27 

5-7 

.1850 

19  12  56.38 

1192.95 

40.97 

1 195. 31 

2.36 

142 

14  Tauri     .... 

7.0 

1755 

-f  18  52  11.26 

+ 

1219.68 

—  40. 39 

-f 

[223.  77 

—  4.09 

' 

6.3 

1850 

19  II  11.60 

1180.89 

41.27 

[185. 10 

4.21 

M3 

B.  A.  C.  1143  .     - 

6.0 

1850 

-f  20  27    2.63 

-f 

1180.53 

—  41.44 

+ 

[180.67 

—  0. 14 

144 

^    Pleiadnm     . 

5.5 

1755 

+  23  29  53.  71 

+ 

1213.  71 

-41.58 

4- 

1219.47 

-  5.76 

6.3 

1850 

23  48  47. 83 

"73.76 

42.52 

1179.63 

5. 87 
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STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


No. 

Star. 

poch. 

umber  of 
iervattons. 

Right  ascension. 

Centennial 
variation. 

Secular 
variation. 

Struvc's 
precession. 

Prc^)cr 
motion. 

Secvar. 

of  proper 

motion. 

U 

s. 

- 

«•      IW. 

J. 

J. 

s. 

X. 

s. 

MS 

17  Tauri     .... 

'755 

5 

3    30 

22. 533 

+  352. 896 

4  1.808 

4  352. 805 

4  0.091 

1850 

1      68 

3    35 

58.598 

354.606 

1.79' 

354. 5'8 

0.088 

146 

18  Tauri     .... 

1755 

I 

3    30 

35.668 

'  +  354. 545 

4  1.845 

4  354.454 

4  0.091 

1850 

«5 

3    36 

i3.3'5 

'       356. 286 

1.820          356.198 

0.088 

•47 

19  Tauri     .... 

'755 

5 

3    30 

40.402 

+  353.  72' 

4  1. 833    4  353. 635 

4  0.086 

1850 

22 

3    36 

17.261 

355. 452 

1. 811 

355. 364 

0.088 

148 

20  Tauri     .... 

'755 

5 

3    3' 

17.817 

4  353.608 

4-  1.820 

4  353. 520 

4  ao88 

1850 

20 

3    36 

54. 563 

355. 327 

'.798 

355. 239 

0.088 

149 

21  Tauri     .... 

'755 

3 

3    3' 

21.659 

+  354.039 

4  1.826 

4  353. 943 

4  0.096 

1850 

'3 

3    36 

58.817 

355.  763 

1.805 

355.675 

ao88 

150 

22  Tauri     .... 

'755 

2 

3    3' 

30.251 

+  354.003 

4  1.824 

4  353-  909 

4  0.094 

1850 

9 

3    37 

7.372 

355. 725 

1.803 

355. 637 

0.088 

151 

23  Tauri     .... 

'755 

5 

3    3' 

49.954 

+  352.  764 

4  '.795 

4  352.676 

4  0.088 

1850 

«3 

3    37 

25.887 

354. 459 

'.773'       354.37' 

0.08K 

152 

24  Tauri     .... 

'755 

3 

3    32 

50. 142 

+  353. 306 

4  '.79'    4  353.213 

4  0.093 

1850 

33 

3    38 

26.586 

354.996 

1.769 

354.908 

0.088 

153 

Tl    Tauri     .... 

'755 

10 

3    32 

58.132 

4-  353. 299 

4  1.795     4  353.210 

40.089 

—0.004 

1850 

643 

3    38 

34.572 

354.992 

'.769'       354.904 

ao88 

1900 

. 

3    4' 

32.288 

355. 873 

1.756 

355. 788 

a  085 

»54 

B.  A.  C.  1170  .     . 

'755 

2 

3    33 

53-5" 

+  35'.  848 

4  1. 745 

4  35'.  845 

4  0.003 

1850 

3 

3    39 

28. 550 

353- 495 

1.724 

353. 495 

0.000 

>5S 

B.  A.  C.  1171   .     . 

'755 

, 

3    33 

57.5'6 

+  353.918 

4  '.794 

4  353. 907 

4  0.011 

1850 

10 

3    39 

34.545 

355-612 

'.773 

355.608 

0.004 

156 

26  Tauri     .... 

'755 

3 

3    34 

26. 656 

+  352.989 

4  '.765 

4  352. 894 

4  0.095 

1850 

9 

3    40 

2.789 

354.655 

'.744 

354. 567 

0.088 

157 

27  Tauri     .... 

'755 

5 

3    34 

38. 477 

4  353. 453 

4  1.780 

4  353. 365 

4  0.088 

1850 

'34 

3    40 

15.057 

355. '32 

'.754 

355.044 

0.088 

158 

28  Tauri     .... 

'755 

5 

3    34 

39.460 

4  353. 645 

4  '.  782 

4  353. 554 

4  0.091 

1850 

40 

3    40 

16. 223 

355.  .-^26 

'.757 

355. 238 

0.088 

159 

B.  A.  C.  1189  .     . 

1850 

- 

3    4' 

6.4 

. 

4  1.650 

4  35'.  097 

- 

160 

B.  A.  C.  1 192  .     . 

1850 

10 

3    4' 

18.419 

4  358. 527 

4  '.819 

4  358.  737 

—  0.210 

161 

Lai.  7110    .     .     . 

1850 

- 

3    42 

55.4 

. 

4  1.220 

4  33'.  858 

. 

162 

B.  A.  C.  1206  .     . 

1850 

7 

3    44 

35- 797 

4  342.053  , 

4  '.395  I  4  340.865 

4  1. 188 

163 

C     Persei    .... 

'755 

5 

3    38 

47. 435 

4  373.017 

4  2. 264    4  372. 942 

4  0. 075 

— a  002 

1850 

92 

3    44 

42.817 

375- '49 

2. 224         375. 072 

0.077 

1900 

- 

3    47 

50.668* 

376.255 

2.202 

376. 181 

0.074 

164 

32  Tauri     .... 

1850 

'4 

3    48 

0.759 

4  352.880 

4  '604 

4  352. 582 

4  0.298 

165 

33  Tauri     .... 

'755 

I 

3    42 

34.470 

4  353- 05' 

4  '.683 

4  352.610 

4  0.441 

1850 

'9 

3    48 

10.625  1 

354. 638 

'.657          354. '95 

1 

0.443 
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DECLINATIONS. 


No. 

Star. 

^ 

S 

• 

I 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Struve*s 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0    '        // 

It 

// 

// 

// 

ti 

145 

17  Tauri     .... 

4.5 

1755 

-f  23  i^  21.06 

+ 

1213.03 

—  41-  49 

-f  1218.86 

-5.83 

4«3 

1850 

23  38  14. 57 

1 1 73. 16 

42.44 

"79.03 

5.87 

146 

18  Tauri     .... 

7.0 

1755 

+  24    2  58.  78 

-f 

121 1. 46 

—  41.65 

+  1217.3' 

-5-85 

6.3 

1850 

24  21  50.  73 

1171.44 

42.60 

"77. 31 

5.87 

147 

19  Tauri     .... 

5-0 

1755 

-f  23  40  40. 61 

-f 

1210.97 

—  41-63 

+  1216.78 

-5.81 

» 

5.0 

1850 

23  59  32. 10 

1170.97 

42.58 

1 1 76. 84 

5.87 

148 

20  Tauri     .... 

5.0 

1755 

+  23  34  53. 39 

+ 

1206.63 

—  41.70 

-f  1212.41 

-5-78 

5.0 

1850 

23  53  40.  73 

1166.56 

42.65 

"72.43 

5-87 

149 

21  Tauri     .... 

7.5 

1755 

+  23  46    7-  23 

+ 

1206.07 

—  41.69 

+  1211.98 

—  5-91 

7.0 

1850 

24    4  54.04 

1166.02 

42.63 

"71.89 

5.87 

150 

22  Tauri     .... 

7.5 

1755 

-f-  23  44  32.81 

+ 

1205. 12 

—  41.71 

-f-  1210.98 

—  5.86 

7.0 

1850 

24    3  18.  72 

1165.05 

42.65 

1170.92 

5.87 

151 

23  Tauri     .... 

5.0 

>755 

-f  23    9  52. 52 

+ 

1202.94 

—  41.  72 

-1-  1208.72 

-5.78 

< 

4.7 

1850 

23  28  36.  35 

1162.86 

42.66 

"68.73 

5-87 

152 

24  Tauri     .... 

7.5 

1755 

-f-  23  20  14.82 

4- 

1195.82 

—  41.80 

-f  1201.63 

-  5.81 

8.0 

1850 

23  38  51.85 

1155.67 

42.73 

1161.54 

5-87 

153 

fl    Tauri     .... 

3.0 

1755 

+  23  19  37.09 

+ 

1 194. 90 

-41.85 

-\-  1200.  76 

—  5.86 

—  O.OI 

30 

1850 

23  38  13-22 

1154,71 

42.75 

1160.58 

5-87 

1900 

23  47  45-21 

"33-22 

43-21 

"39.10 

5.88 

154 

B. A.  C.  1 1 70  .     . 

70 

'755 

+  22  38  49. 93 

-f 

1189.49 

—  41.76 

+  "94.24 

-  4.75 

6.3 

1850 

22  57  20.97 

"49-39 

42.67 

1154. 16 

4.77 

15s 

B. A.  C.  1171   .     . 

75 

1755 

+  23  34  21.75 

+ 

1186.77 

—  42.01 

+  "93-79 

—  7.02 

7.8 

1850 

23  52  50.08 

1 146. 42 

42.94 

"53-43 

7.01 

156 

26  Tauri     .... 

7.5 

1755 

+  23    5    8.98 

»+ 

"84.51 

—  41.97 

-f  1190.38 

-5.87 

7.0 

1850 

23  23  35.  '8 

1 144. 20 

42.89 

1150.07 

5. 87 

157 

27  Tauri     .... 

5.0 

1755 

+  23  17    0.62 

-f 

"83. 16 

—  42.  " 

+  "88.97 

—  5.81 

4.0 

1850 

23  35  25.48 

1 142.  73 

43.02 

"48.60 

5.87 

158 

28  Tauri     .... 

5.5 

1755 

-1-  23  22    1. 01 

+ 

"83.04 

—  42. 15 

-f  1188.86 

—  5.82 

6.2 

1850 

23  40  25.  73 

1 142. 56 

43.08 

1148.43 

5.87 

159 

B.  A.  C.  1189  .     . 

6.0 

1850 

-f-  21  47    2.2 

• 

. 

—  42.66 

+  "42.45 

-     •     - 

160 

B.  A.  C.  1192  .     . 

6.0 

1850 

+  25    7  19.  70 

+ 

"25.70 

—  43. 48 

-f  1140.98 

—15.28 

161 

Lai.  7110    .     .     . 

6.0 

1850 

-f  12  35  28.4 

• 

. 

—  40. 49 

+  "29.34 

. 

162 

B.  A.  C.  1206  .     . 

6.0 

1850 

+  16  52  34.51 

+ 

11 16. 18 

—  42.06 

+  1117.23 

—  1.05 

163 

C     Persei    .... 

3.5 

»755 

+  31     8    2.55 

+ 

1 156. 40 

—  44.94 

+  "59-52 

—  3.12 

—  O.OI 

3.0 

1850 

31  26    0.69 

"13.23 

45.95 

1116.36 

3-13 

1900 

31  35  "-54 

1090.13 

46.47 

1093. 26 

3.»3 

164 

32  Tauri     .... 

6.0 

1850 

+  22    2  28.99 

+ 

1081. 13 

—  43-  67 

•f  1092.26 

—11.13 

165 

33  Tauri     .... 

5.5 

»755 

4-  22  26  32. 93 

+ 

1 130. 48 

—  43.  « 

+  "32.32 

—  1.84 

1 

6.3 

1850 

22  44    7. 30 

1089. 10 

44.0a 

1091.06 

•.96 
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STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


No. 

Star. 

1 

1 
Right  ascension. 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

p^"* 

W 

^    0 

A. 

m. 

s. 

s. 

s. 

J. 

s. 

s. 

i66 

y^   Eridani .... 

1755 

5 

3 

46 

36. 483 

•h  279-  238 

+  0.459 

+•  278.674 

-f  0. 564 

— 0.005 

1850 

397 

3 

5' 

1.965 

279. 672 

0. 

454 

279. 109 

0.563 

1900 

- 

3 

53 

21.858 

279.900 

0. 

456 

279. 34' 

0.559 

167 

B.  A.  C.  1238  .     . 

>755 

5 

3 

46 

26. 485 

+  353- 2'0 

+  ^ 

.649 

-f  353. 233 

—  0.023 

1850 

3 

3 

52 

2.774 

354.  762 

,620 

354.  790 

0.028 

168 

B.  A.  C.  1240  .     . 

1850 

II 

3 

52 

10. 676 

-f  344.498 

+  ' 

.383 

-f  343. 528 

-f  0.970 

169 

X    Tauri     .... 

1755 

5 

3 

47 

8.259 

-f  330. 268 

+  ' 

,167 

+  330. 330 

—  0.062 

1850 

57 

3 

52 

22. 537 

33'.  369 

I 

.151 

33'.  433 

0.064 

170 

B.  A.  C.  1242  .     . 

>755 

5 

3 

46 

53.  '27 

+  346.627 

+  ' 

■492 

-f  346. 576 

-f  0.051 

1850 

'5 

3 

52 

23.092 

348. 032 

.466 

347.986 

0.046 

171 

36  Tauri     .... 

>755 

2 

3 

49 

45.  '03 

+  355. 807 

+  ' 

.672 

-f  355-  805 

-f-  0.002 

1850 

II 

3 

55 

23.869 

357. 38' 

.642 

357.382 

—  O.OOI 

172 

A I  Tauri     .... 

1755 

5 

3 

50 

15. 040 

+  35'.9'3 

+  ' 

.566 

+  35'.  219 

-f-  0.694 

1850 

86 

3 

55 

50-  059 

353. 386 

.534 

352.691 

0.695 

173 

A'  Tauri     .... 

1755 

4 

3 

50 

52.400 

+  352.409 

+  ' 

.549 

+  35'.  '47 

-f-  1.262 

1850 

'9 

3 

56 

27.882 

353-  865 

.518 

352.608 

1.257 

174 

41  Tauri     .... 

'755 

2 

3 

5' 

37. 53' 

+  364.  728 

-f  ' 

.849 

4-  364.53' 

+  0. 197 

1850 

5 

3 

57 

24.851 

366.466 

.810 

366. 276 

0. 190 

175 

f    Tauri     .... 

1755 

5 

3 

5' 

54.527 

+  367. 535 

+  ' 

.938 

-f  368. 102 

—  0. 567 

1850 

'5 

3 

57 

44.553 

369. 355 

.895 

369. 927 

0.572 

176 

B.  A.  C.  1272  .     . 

>755 

. 

3 

53 

42.400 

+  34'.  3" 

+  ' 

•325 

+  34'.  '34 

+  0.177 

1850 

'3 

3 

59 

24.336 

342. 560 

•305 

342. 382 

0. 178 

177 

w>  Tauri     .... 

>755 

5 

3 

54 

55-  849 

+  346.9*3 

+   '■ 

•4'5 

+  346. 231 

-f  0.682 

1850 

87 

4 

0 

26. 050 

348. 244 

.387 

347.564 

0.680 

178 

/    Tauri     .... 

»755 

5 

3 

55 

57.369 

-f-  362.201 

+  ' 

.745 

-f.  362. 464 

—  0. 263 

1850 

9 

4 

I 

42.241 

363. 839 

.704 

364.  "0 

0.271 

179 

48  Tauri     .... 

1755 

5 

4 

I 

53. 483 

+  338. 562 

+  ' 

.'99 

+•  337.676 

4-0.886 

1850 

18 

4 

7 

15.654 

339. 687 

.  169 

338. 802 

0.885 

180 

cj*  Tauri     .... 

'755 

5 

4 

2 

56. 479 

+  349.012 

+   ' 

.397 

+  349. 36' 

—  0.349 

1850 

36 

4 

8 

28.664 

350. 322 

.36' 

350. 672 

0.350 

181 

51  Tauri     .... 

'755 

5 

4 

3 

55.488 

+  352.464 

+  ' 

.445 

+  35'.  800 

-f  0.664 

1850 

10 

4 

9 

30. 975 

353. 8'8 

.406 

353. '47 

0.671 

182 

53  Tauri     .... 

'755 

4 

4 

5 

'.793 

+  35'. '21 

+  ' 

.409 

+  350. 909 

-l-  0.212 

1850 

9 

4 

10 

35-990 

352. 446 

* 

.375 

352. 231 

0.215 

183 

56  Tauri     .... 

'755 

4 

4 

5 

8.688 

+  352. 559 

+  ' 

.440 

+  352.405 

-f  0. 154 

1850 

12 

4 

10 

44. 263 

353.909 

.402 

353.  749 

0. 160 

184 

^    Tauri     .... 

'755 

5 

4 

5 

19.  714 

-f  366.025 

+  ' 

,  700 

-f  366. 130 

—  0. 105 

1850 

10 

4 

II 

8.197 

367.616 

.650 

367.  73' 

0. 115 

185 

y    Tauri     .... 

'755 

6 

4 

5 

52. 836 

+  339. 34' 

+  ' 

.178 

+  338. 520 

-f  0. 821 

-f  0.001 

1850 

216 

4 

II 

'5.  738 

340.449 

'54 

339. 628 

0.821 

1900 

4 

14 

6.105 

34'.  023 

.141 

340.202 

0.821 
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DECLINATIONS. 


No. 

Star. 

• 

I 

w 

Declination. 

Cei 
va 

itennial 
riation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0    /        '/ 

// 

/» 

II 

// 

II 

166 

y*   Eridani .... 

2.5 

1755 

—  14  13  20.  73 

+ 

1091.40 

—  34.  52 

+ 

1102.98 

—  11.58 

—  0.02 

2.8 

1850 

'3  56  19. 54 

1058. 41 

34.96 

1070. 00 

11.59 

1900 

'3  47  34.  72 

1040. 87 

35. '8 

'052. 47 

11.60 

167 

B.  A.  C.  1238  -     . 

7.5 

nss 

+  22  29  20.26 

+ 

1 101.73 

—  43. 49 

+ 

1 104. 21 

—  2.48 

6.3 

1850 

22  46  27. 15 

1060.01 

44.35 

1062. 49 

2.48 

168 

B.  A.  C.  1240  .     . 

6.0 

1850 

+  '7  45  59.63 

+ 

1057.84 

—  43. 22 

+ 

1061.54 

—  3.70 

169 

X    Tauri     .... 

4.0 

>755 

+  II  46  40.48 

+ 

1097. 05 

-  40.  77 

+ 

1099. 12 

—  2.07 

3.7 

1850 

12    3  44. 16 

1057.97 

41.48 

1060.04 

2.07 

170 

B.  A.  C.  1242  .     . 

- 

>755 

-f  19  29  27.42 

+ 

1095. 05 

—  42.  74 

+ 

1100.96 

-  5-9' 

6.3 

1850 

19  46  28.30 

1054. 06 

43.56 

1059. 98 

5.92 

171 

36  Tauri     .... 

6.S 

1755 

-f  23  24  34. 46 

+ 

'077. 55 

—  44.21 

+ 

1079. 90 

2.35 

6.0 

1850 

23  41  18.05 

1035.  '5 

45.06 

'037. 52 

2.37 

172 

A»  Tauri     .... 

5.0 

'755 

+  21  23  28.06 

+ 

1068.24 

—  43. 87 

+ 

1076. 19 

-  7.95 

• 

4.7 

1850 

21  40    2.99 

1026. 19 

44.70 

'034. 23 

8.04 

173 

A»  Tauri     .... 

6.5 

1755 

+  21  19  32.67 

+ 

1058. 97 

44.08 

+ 

1071.62 

—12.65 

6.3 

1850 

21  35  58.67 

1016.  70 

44.92 

1029. 55 

12.85 

174 

41  Tauri     .... 

6.0 

1755 

+  2655     1.50 

+ 

1059. 05 

45.56 

+ 

1066.04 

—  6.99 

5.3 

1850 

27  II  26.87 

1015.25 

46.66 

1022. 34 

7.09 

1 

175 

iff    Tauri     .... 

5.5 

>755 

-f  28  18  57.  50 

+ 

1063.91 

-  45. 84 

-f 

1063. 94 

—  0.03 

5-7 

1850 

28  35  27. 38 

1019. 92 

46.76 

1019. 85 

+  0.07 

176 

B.  A.  C.  1272  .     . 

- 

>755 

+  '6  39  49.81 

-f 

1046. 34 

43.00 

+ 

1 048. 48 

—  2. 14 

6.0 

1850 

16  56    4. 32 

1005. 12 

43.78 

1 

1007. 30 

2.18 

177 

w*  Tauri     .... 

6.0 

»755 

+  '8  56  23.51 

• 

+ 

1037. 56 

43-79 

+ 

[  041. 42 

-3-86 

6.0 

1850 

19  12  29.31 

995. 59 

44.56 

999. 53 

3.94 

178 

/    Tauri     .... 

6.5 

1755 

-f  25  49    8.  58 

+ 

1028. 85 

—  45.  70 

+ 

1033.  73 

-  4.88 

6.0 

1850 

26    5    5. 22 

985. 03 

46.55 

989.85 

4.82 

179 

48  Tauri     .... 

6.0 

1755 

-f  '4  45  58. 92 

+ 

985. 40 

-  43. 54 

+ 

988. 85 

—  3-45 

6.0 

1850 

'5    '  '53' 

943-  74 

44. 16 

947. 30 

3.56 

180 

w«  Tauri     .... 

5.6 

1755 

+  19  57    9.84 

+ 

976.15 

—  44.9' 

+ 

980.87 

—  4.72 

5.7 

1850 

20  12  16.81 

933.  '5 

45.60 

937.90 

4.75 

181 

51  Tauri     .... 

7.0 

1755 

-♦-  20  57  27.84 

+ 

969.81 

—  45.60 

+ 

973. 35 

—  3.54 

6.0 

1850 

21  12  28.46 

926. 15 

46.32 

929. 85 

3.70 

182 

53  Tauri     .... 

6.5 

'755 

-f  20  31  37.91 

+ 

959. 62 

45.40 

+ 

964.82 

—  5.20 

6.0 

1850 

20  46  28. 97 

916. 15 

46. 10 

921.44 

5.29 

183 

56  Tauri     .... 

6.5 

'755 

-f-  21    9  32.48 

+ 

958.88 

—  45. 63 

+ 

963. 94 

—  5.06 

6.0 

1850 

21  24  22.  70 

9'5.i5 

46.43 

920. 36 

5.21 

184 

^    Tauri     .... 

6.0 

'755 

-f  26  44  28.09 

+ 

954.  '8 

—  47. 25 

+ 

962.57 

-  8.39 

1 

5-3 

1850 

26  59  13.11 

908.90 

48.07 

917.27 

8.37 

.185 

y    Tauri     .... 

3.5 

'755 

-f  15    0  51.27 

+ 

955.  73 

—  44.06 

-f 

958. 35 

—  2.62 

—  0.  II 

4.0 

1850 

'5  '5  39. 23 

9'3. 58 

44.69 

916.30 

2.72 

1900 

15  23  10.42 

891.14 

45.03 

893.92 

2.78 
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STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


187 


189 


190 


'93 


194 


195 


196 


197 


198 


199 


Star. 


186     55  Tauri 


k     Tauri 


188  ;  58  Tauri 


B.  A.  C.  1335 


X    Tauri 


191      60  Tauri 


192     »V    Tauri 


P.  A.  C\  1347 


63  Tauri 


62  Tauri 


'3-   Tauri 


X}    Tauri 


;(;•   Tauri 


^    Tauri 


I 

200 

70  Tauri  .   .   .   . 

201 

i>*  Tauri  .   .   .   . 

202 

71  Tauri  .   .   .   . 

203 

7r  Tauri  .   .   .   . 

204 

xP'   Tauri  .   .   .   . 

205 

B.  A.  C.  1373  .  . 

u 

O 

W 


755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 


755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 


O     C 

s  - 

A  -9 


% 


2 
5 

5 
8 

3 
12 

3 

6 

5 
18 

5 
3 

5 
59 

2 
II 

5 
18 

4 
7 

5 
26 


5 
6 

3 
45 

5 
8 

4 
3 

5 
9 

5 


Right  ascension. 


h. 
4 
4 

4 
4 

4 
4 

4 

4 

4 
4 

4 
4 

4 
4 

4 

4 

4 
4 

4 

4 

4 
4 


m. 


s. 


755 

6 

4 

850 

14 

4 

755 

1 
5 

4 

S50 

10 

4 

755  ' 

1 
5 

4 

850 

'3 

4 

4 

4 

4 
4 

4 
4 

4 
4 

4 
4 

4 
4 


5     55.215 
"     19.933 


6 
If 

6 
12 


II.  702 
3i.>72 

44.396 
6.231 


7  7. 507 

12  26.  710 

7  42. 650 

13  27. 664 

8  16.978 

13  36.675 

8  50. 204 

14  17.390 

8  44.427 
14  26.853 

9  23.511 
14  48.991 

9  15.689 

14  57.527 

10  o.  116 

15  27.228 

10  48. 289 

16  26. 132 

10  51.428 
16  29.277 

1 1  20.  772 

16  48.974 

1 1  40. 046 

1 7  3. 822 

1 1  40. 690 
1 7  20. 266 

12  24.997 

17  48.258 

12  47.490 

18  8. 183 

12  40.570 

18  19.608 

li  30.143 

19  6.909 


Centennial 
variation. 


s, 
+  341.237 
342.376 

+  335.  757 
336.811 

+  338. 230 
339.314 

+  335.478 
336.521 

-f  362.424 
363.915 

-I-  336.001 
337.042 

+  343.826 
344.984 

4-  359. 729 
361. 162 

+  342.043 
343.174 

4-  359.  "8 
360. 535 

+  343.  753 
344.902 

+  354.962 
356. 280' 

+  354.968 
356. 288 

+  344.895 
346. 053 

+  340.273 
341.357 

+  356.  775 
358.113 


Secular 
variation. 


-f 


-f 


+ 


+ 


+ 


+ 


+ 


+ 


-f 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


-f  339.  740 
340.805  I 

+  337.053     + 

338. 086  , 
I 
+  356.210  I  -f 

357.548 

+  353. 872  ,  + 
355.  "4 


s. 
212 

186 

122 
096 

156 
126 

III 

085 

591 

547 
no 
083 

237 

202 

530 
486 

206 
176 

514 
470 

226 
192 

409 

366 

411 

368 

236 
203 

156 

125 

430 

388 

'37 
106 

102 

073 

430 
387 

294 
320 


Struve*s 
precession. 


-f 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


-f 


+ 


+ 


s. 
340.499 
34>.64i 

335. 063 
336. 120 

337. 423 
338. 507 

334.766 
335.811 

362. 105 
363. 598 

335.318 
336. 363 

343.051 
344.209 

359-  201 
360.633 

341.383 
342.509 

359. 01 1 
360.432 

342.940 
344.085 

354. 325 
355. 643 

354. 105 
355. 420 

344.166 
345. 3'9 

339.  708 
340  791 
355. 68r 
357.019 
339. 052 
340.117 

337.069 
338. 104 

356.244 
357.578 

353. 018 
354.296 


Proper 
motion. 


J. 
+  o.  738 

0.73s 

+  0.694 
0.691 

-f-  0.807 
0.807 

-f-  o.  712 
0.710 

+  o.3>9 
0.317 

+  0.683 
0.679 

+  o.  775 

0.775 

+  0.528 
0.529 

+  0.660 
0.665 

-f-  o.  107 
0.103 

+  o.  813 
0.817 

-f-  o.  637 

0.637 

-f-  0.863 
0.868 

-f  o.  729 

0.734 

+  o.  565 
0.566 

+  1.094 
1.094 

+  0.688 
0.688 

—  0.016 
0.018 

—  o.  034 
0.030 

+  0.854 
0.818 


Sec.  var. 

of  proper 

motion. 


s. 


STANDARD  CLOCK  Ax\D  ZODIACAL  STARS. 


197 


DECLINATIONS. 


Na 


Star. 


186 


187 


188 


189 


190 


191 


192 


193 


194 


195 


196 


197 


198 


199 


200 


201 


202 


203 


20^ 


20s 


55  Tauri 


h    Tauri 


58  Tauri 


B.  A.  C.  1335 


X    Tauri 


60  Tauri 


d*    Tauri 


B.  A.  C.  1347 


63  Tauri 


62  Tauri 


i^  Tauri 


X^  Tauri 


j^  Tauri 


iP  Tauri 


70  Tauri 


t;*   Tauri 


71  Tauri 


ff    Tauri 


v'  Tauri 


B.  A.  C.  1373 


7.5 
7.3 

6.0 
6.0 

6.0 

6.3 

6.S 

6.5 

6.0 

5.7 

7.0 
6.0 

4.0  I 
4.0 

■  • 

7.3 

6.0 
6.0 

7.0 
6.0 

4.5 
5.7 

5-5 
4.7 

6.5 

6.3 

5.0 
5.0 

7.0  I 

6.3 ! 

5.0 
4.7 

5.5 
6.0 

5.0 
5.0 

6.0 
6.0 

•      • 

6.0 


I 


755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 


Declination. 


// 


o     ' 

+  15  54  37.69 

16  9  23.05 

-f  13  25  22. 88 

13  40    8. 24 

-f  14  29  10. 95 

14  43  52. 66 

-f  13  15  26.00 
13  30    5- 02 

-1-25     I  42.08 
25  16  14.29 

-f  13  28  34. 69 
13  43    4. 30 

-\-  16  56  44.33 

17  II    9.96 


+  24    3    3.9 

-f  16  II    0.00 

16  25  20.65 

-f  23  42  26.42 
23  56  48.11 

-f  16  51  15.09 

>7    5  30.53 

-f  21  42  36.64 
21  56  44.93 

-f  21  37    0.00 

21  51     7.51 

-f  17  20  42.56 

17  34  48.46 

-f  15  21  3>.5> 
15  35  36.  78 

-f  22  14    4.21 

22  28    6.51 

+  152  23.  77 
15  16  22.  73 

-f  14    8  15.86 
14  22  12. 16 

-f  22  25  13. 97 
22  39  11.68 

+  21    3    3-  79 
21  16  50.64 


Centennial 
variation. 


// 


+  953  08 
910.  72 

-f  952.  75 
911.05 

-f  949.  »> 
907.01 

-f  946. 1 1 
904.36 

-f  940.62 
895.46 

+  936. 29 
894.38 

-f  932.62 
889.63 


Secular 
variation. 


// 


+  927. 33 
884.46 

-f  929.40 
884.57 

+  921.96  ' 
878.  87 

+  915.05 

870.61  ! 

+  914.33 
869.76 

-f  912.06 

868.68 

4-  911. 12 
868.30 

-f  909.00 
864. 15 

+  904.45 
861.65 

-f  901.44 
859.08 

+  904.17 
859. 30 

-f  892. 71 
847.94 


44.24 
44.92 

43.56 
44.22 

44.00 
44.65 

43.62 
44.27 

47.15 
47.93 

43.80 

44.44 

44.91 
45.60 

46.89 
47.69 

44.77 
45-46 

46.81 
47.56 

45.06 
45.67 

46.43 
47.14 

46.56 
47.25 

45.37 
45-97 

44.75 
45.40 

46.85 
47.58 

44.76 
45.35 

44.27 
44.90 

46.87 
47.58 
46.76 
47.50 


Struve's 
precession. 


// 


-f  958.01 
915-  74 

+  955.90 
914. 28 

+  95J.68  ; 
909.73 

+  948.  74 
907.05 

+  944.20 
899. 14 

+  939.  79 
897.96 

+  935. 50 
892.64  I 

i 

+  936. 25  i 
891.40  I 

+  93'.  20  I 
888.51 

+  932.21 
887.40  I 

-f  926.  54 
883.51  ! 

-f-  920. 1 7  ' 
875.80 

-f  919.80  I 
875. 37 

+  916.17 
872.  78 

+  913-  50  ' 
870. 84 

+  9"3-42 
868.68 

4-  907.66 
864.98 

-f  904.  73 
862.38 

+  905.  75 
860.86 

-f  899.20 
854.62 


Proper 
motion. 


// 


4.93 
5.02 

3. '5 
3- 23 

2.57 
2.  72 

2.63 
2.69 

3.58 
3.68 

3.50 
3.58 

2.88 
3.01 


3.87 
4.05 

2.81 
2.83 

4.58 
4.64 

5.12 

5.  >9 

5-47 
5.61 

4.  II 
4. 10 

2.38 
2.54 

4.42 
4.53 

3-21 

3.29 
3.30 

1.58 
1.56 

6.49 
6.68 


Sec.  var. 

of  proper 

motion. 


// 


75  Tauri 

76  Tauri 


80  Tauri 


=  IJ  I        B.  A.  (.-.  1351 

313     81  Tauri 

214     S3  "Inuri     .     . 

21s  I!.  A.C.  IJ94  . 

I 
216  !  84  Tauri     . 

I 
a. 7  I  85  Tauri     . 

3lS  I  I).  A.  C.  1406   . 

aig  I        n.  A.  f.  I 


Z3Z    ,  W.  11.  4I'  650     . 

7»3  '  89  Tauri     .      . 


STANDARD  CLOCK  AND  ZODIACAL  STARS. 
RIGHT  ASCENSIONS. 


+  348- 094 
349-  271 

349'  87s 


1850 
.850 


'9  S'-TSs 

ix  46.570 

14  27.949 

19  52.217 

14  32- "9 

19  53.808 


4     14    42.17a 


f(>  34- 131  , 

21  58-815 
16  41.925 

22  5.824 
26  51.451 


14.618 
36.  7M 

53. 819 


+  340.  790 

341-873 
+  337-990 

339-  o'4 
+  340-148 

34'-  713 
+  340-  S»8 

341-591 
+  340- D31 

341.071 

+  34'-  239 
342.299 

+  340-426 
341.467 

+  335-888 
336-866 


+  338-537, 
339. 55°  I 

+  340-  735  I 
341.  768  I 


'9 

38-677 

+  341-256 

25 

3-365 

342.292 

=5 

"5-  23s 

+  374-  120 

19 

58.309 

+  338. 529 

n 

«>-383 

339-  S'8 

21 

S3-4'>9 

+  342. 312 

17 

19.097 

343-  333 

30 

10-893 

343- «S' 

»9 

25.1 

24 

9.548 

+  34'- 570 

29 

34- S '6 

34a- SM 

35 

11.494 

+  340-651 

30 

3S-  578 

341.626 

^5 

17.223 

+  341- 320 

30 

4'- 947 

34»-3a4 

SecTM. 
ol  proper 


h  3*7.346     +  c 
348-5" 
349- 1*6 

h  340.880 
341.962 

h  337. 265 
338.2! 

f-  340.004 
341.069 

f-  339.806 

340-867 
(■  339-405 

340-449 
I-  340.696 


0.644 
0.644 


[1.S58 
0.859 


V  335-179 

f-  340.G10 
341.663 

h  338-  293 
339.307 

I-  340.029 
34'- 063 

f-  34"- 238 
342.281 

h  374-053 

h   337.  9T2 
338-904 

h   341.878 
342.898 

343- 4'9 
I-  353-016 
h  340.939 

341.939 

Y  340.490 
341.470 

1-340.760 
341.748 


0.631 
D.627 
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DECLINATIONS 


No. 

Star. 

^ 

taM 
<. 

1 

W 

Declination. 

Centennial 
variation. 

Secula*" 
variation. 

Struve's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0    /        // 

// 

It 

// 

// 

// 

206 

c    Tauri     .... 

4.0 

1755 

+ 

18  36  51-85 

-f  888. 25 

—  46.00 

-f  892.60 

-4.35 

—  0. 10 

3.7 

1850 

18  50  34. 84 

844.26 

46.63 

848.  70 

4-44 

1900 

18  57  3'- '2 

820.86 

46.95 

825. 36 

4.50 

207 

75  Tauri.    .... 

6.0 

>755 

+ 

15  47  23.66 

+  892.56 

45.01 

-f  891.66 

-1-0.90 

6.3 

1850 

16    I  II. 19 

849.50 

45-65 

848.65 

0.85 

208 

76  Tauri     .... 

7.0 

1755 

+ 

14  10  26.56 

+  887. 93 

—  44.66 

-f  891.07 

—  3- '4 

6.3 

1850 

14  24    9. 85 

845. 22 

45.27 

848.43 

3-21 

209 

^    Tauri     .... 

5.0 

'755 

+ 

'5  23  45-21 

-f  887. 66 

—  44.9' 

-f  890.47 

—  2.81 

4.0 

1850 

15  37  28. 14 

844.69 

45-55 

847.  54 

2.85 

210 

^    Tauri     .... 

5.5 

'755 

+ 

15  18  17.73 

-f  887.64 

—  45-  '3 

-1-889.80 

—  2. 16 

4.0 

1850 

15  32    0.55 

844.47 

45-75 

846.80 

2.33 

211 

80  Tauri     .... 

6.0 

«755 

+ 

15    448.84 

+  874.46 

—  45-" 

+  877. 95 

3.49 

6.3 

1850 

15  18  19. 13 

83'- 30 

45-75 

834.95 

3.65 

212 

B.  A.  C.  1391   .     . 

5.5 

1755 

+ 

'5  38  '9-53 

-f  871.62 

—  45. 39 

-f-  875. 18 

-  3.56 

5.0 

1850 

15  51  46.99 

828.17 

46.07 

831.89 

3.72 

213 

81  Tauri     .... 

5.5 

'755 

+ 

15    8  12.94 

-f  871.03 

—  45-3' 

-f  874. 06 

—  3-03 

6.3 

1850 

15  21  39.89 

827.68 

45-96 

830.96 

3-28 

214 

83  Tauri     .... 

6.0 

'755 

+ 

13  10  10.25 

+  869.79 

44-59 

-f  872. 82 

3-03 

6.0 

1850 

'3  23  36.34 

827. 15 

45.18 

830. 27 

3. '2 

215 

B.  A.  C.  1394  .     . 

7.5 

'755 

+ 

'5  35  4'.  33 

-f  870.91 

45-32 

+  873. 38 

—  2.47 

7.5 

1850 

15  49    8. 16 

827.  55 

45.97 

830.08 

2.53 

216 

84  Tauri     .... 

7.0 

'755 

+ 

'4  33  '6. 34 

+  863. 95 

—  44-9' 

-J-  869.78 

-  5-83 

7.3 

1850 

14  46  36.  74 

821.00 

45-52 

826. 85 

5-85 

217 

85  Tauri     .... 

6.0 

'755 

+ 

15  18  13.06 

-f  860.67 

—  45-  32 

-f  864.60 

—  3-93 

6.5 

1850 

'5  31  30. 15 

8'7  3i 

45-95 

821.36 

4.05 

218 

B.  A.  C.  1406  .     . 

7.5 

'755 

+ 

'5  47    3-39 

+  847.60 

-  45-45 

+  850.  79 

—  3- '9 

7.5 

1850 

16    0    8.01 

804.13 

46.07 

807.31 

3.18 

219 

B.  A.  C.  1408  .     . 

6.0 

1850 

+ 

28  38  32. 32 

-f  801.49 

—  50-  34 

-f  805.  71 

—  4.22 

220 

p    Tauri     .... 

5.0 

'755 

+ 

14  18  25.  75 

-f  844-  '9 

—  45-  20 

-f  848. 19 

—  4.00 

• 

5.3 

1850 

14  31  27.24 

800.97 

45  79 

805.03 

4.06 

221 

a    Tauri     .... 

1.0 

'755 

+ 

'5  5938.38 

+  813.86 

—  45-89 

-f  832. 95 

-19.09 

—  0.06 

I.O 

1850 

16  12  10.  74 

770.00 

46.44 

789.16 

19. 16 

1900 

16  18  29.92 

746.  70 

46.  72 

765.90 

19.20 

222 

W4»»650     .     .     . 

6.0 

1850 

+ 

20  22  42. I 

. 

—  47.86 

+  772.22 

w                     •                      • 

223 

89  Tauri     .... 

7.0 

'755 

+ 

'5  3'    9.50 

-f  812.17 

—  45. 97 

4  814.83 

—  2.66 

6.5 

1850 

15  43  40.22 

768.22 

46.55 

770-  93 

2.  71 

224 

<T*   Tauri     .... 

5.5 

1755 

+ 

15  17  40-96 

+  798.48 

—  45-  87 

+  806.55 

—  8.07 

5.0 

1850 

15  29  58.  72 

754-  63 

46.44 

762.71 

8.08 

225 

<fi  Tauri     .... 

5.5 

1755 

+ 

15  24  36. 19 

-f  802.90 

—  46.02 

+  805.79 

—  2.89 

5.0 

1850 

15  36  58.09 

758.91 

46.60 

761.86 

2.95 

200 


STANDARD   CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


No. 

Star. 

* 

Number  of 
observations. 

Right  ascension. 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Sec  var. 

of  proper 

motion. 

//.     m. 

s. 

J. 

s. 

s. 

s. 

s. 

226 

B.  A.  C.  1444  .     . 

1850 

8 

4    31 

56.  833 

+  374.  134 

+  I. 

475 

•h  373. 977 

+  0. 157 

227 

r    Tauri     .... 

1755 

5 

4    27 

34.  297 

+  357.861 

+  I. 

284 

+  357. 867 

—  0.006 

1850 

89 

4    33 

14.  837 

359. 056 

I, 

232 

359.057 

o.ooi 

228 

95  Tauri     .... 

1755 

5 

4    28 

25.  780 

-f  360.911 

+  I. 

3«5 

-f  360.  834 

+  0.077 

1850 

4 

4    34 

9.230 

362. 134 

I. 

259 

362. 061 

0.073 

229 

B.  A.  C.  1463  .     . 

1755 

I 

4    30 

56. 976 

+  359.895 

-f  I. 

273 

-f  359.927 

—  0. 032 

1850 

6 

4    36 

39.443 

361.079 

I. 

219 

361.117 

—  0.038 

230 

B.  A.  C.  1468  .     . 

1850 

8 

4    37 

31.624 

+  349.387 

+  I 

036 

+  348.949 

+  0.429 

231 

a     Camelopardalis 

1755 

*          • 

4    29 

53.38 

+  582.  73 

+  7 

67 

-f  583.04 

—  0.31 

1800 

- 

4    34 

16.38 

586.13 

.7. 

40 

586.44 

0.3* 

1850 

- 

4    39 

'O.35 

589.  75 

7 

09 

590.06 

0.31 

\ 

1900 

- 

4    44 

6.  10 

593. 22 

6 

■75 

593. 53 

0.31 

232 

96  Tauri     .     .     .     - 

1755 

5 

4    35 

44.587 

+  341.523 

+  0. 

974 

-f  341. 508 

-f  0.015 

m 

1850 

>5 

4    41 

9.467 

342. 428 

0 

•933 

342. 41 1 

0.017 

233 

/     Tauri     .... 

1755 

5 

4    37 

4.026 

+  349.177 

+  I 

.041 

-f  348.611 

-f  0.566 

• 

1850 

26 

4    42 

36.  208 

350.  M5 

I 

.000 

349. 583 

0.562 

234 

£      Auriga? 

1755 

3 

4    41 

4.555 

+  388.059 

+  I 

.556 

+  387.990 

-f  0.069 

1850 

212 

4    47 

13.901 

389. 495 

I. 

467 

389. 425 

0.070 

1900 

- 

4    50 

28. 830 

390.  216 

I. 

417 

390.148 

0.068 

235 

B.  A.  C.  1526  .     . 

1755 

I 

4    43 

14.665 

+  344.891 

+  0 

.943 

-f  345. 008 

—  0. 117 

1850 

14 

4    48 

42.  730 

345-  764 

0. 

896 

345.886 

0.  122 

236 

99  Tauri     .... 

1755 

I 

4    42 

58.513 

+  361.960 

+  I 

•>53 

+  362.014 

—  0. 054 

1850 

9 

4    48 

42.  885 

363. 026 

I, 

092 

363. 078 

0.052 

237 

/'    Tauri     .... 

>755 

5 

4    43 

II. 415 

+  365. 234 

+  I 

177 

+  364.961 

+  0. 273 

1850 

21 

4    48 

58.910 

366.  322 

I 

.114 

366. 052 

0.270 

238 

loi  Tauri     .... 

1755 

5 

4    45 

41.878 

+  342.872 

+  0 

.885 

+  342.215 

+  0.657 

1850 

3 

4    51 

7.999 

343-  693 

0 

.844 

343. 042 

0.651 

239 

I     Tauri     .... 

1755 

5 

4    48 

28.574 

+  356. 856 

+  I. 

014 

+  356.413 

-f  0.443 

1850 

70 

4    54 

8.038 

357.  794 

0 

.960 

357.353 

0.441 

240 

II  Orionis  .... 

1755 

5 

4    50 

35.410 

+  341.353 

+  0 

.836 

+  341. 304 

-f  0.  049 

1850 

83 

4    56 

0.066 

342. 125 

0. 

790 

342. 073 

0.052 

1900 

•         • 

4    58 

51.226 

342.515 

0 

■769 

342. 463 

0.052 

241 

;;/    Tauri     .... 

1755 

5 

4    52 

59. 479 

+  353.077 

+  0 

.907 

+  349. 336 

+   3.  741 

1850 

21 

4    58 

35. 303 

353.913 

0 

.853 

350. 165 

,     3-  748 

242 

/     Tauri     .... 

1755 

5 

4    53 

19.806 

+  353. 473 

+  0 

.930 

+  353.817 

—  0.344 

1850 

16 

4    58 

56. 016 

354. 328 

0 

.871 

354. 675 

0.347 

243 

105  Tauri     .... 

1755 

5 

4    53 

17.863 

+  357.043 

+  0 

.977 

-f  357.098 

—  0. 055 

1850 

18 

4    58 

57.487 

357. 944 

0 

.920 

357. 993 

0.049 

244 

103  Tauri     .... 

1755 

5 

4    53 

12.435 

+  363.  756 

+  I 

.044 

+  363.815 

—  0. 059 

1870 

16 

4    58 

58. 464 

364.  716 

0 

.976 

364. 779 

0.063 

STANDARD   CLOCK    AM)   ZODIACAL   STARS. 
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DECLL\ATK)NS. 


No. 

Star. 

1  Mag, 

• 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

c     /           " 

II 

II 

II 

// 

// 

226 

B.  A.  C.  1444  .     . 

5.7 

1850 

-f  28  19     9.  16 

+  748.64 

—  50.94 

+  75'.  77 

—  3. '3 

227 

T    I'auri     .... 

5.0 

1755 

-f-    22   27  47.45 

+  784.90 

—  48.44 

+  787.42 

—  2.52 

4.3 

1850 

22  39  5'.  '5 

738. 59 

49-07 

741. 20 

2.61 

228 

95  Tauri     .... 

7.0 

1755 

+  23  36   1.45 

+  777.95 

-  48.  85 

+  780.52 

2.57 

6.3 

1850 

23  47  58.  36 

73'.  24 

49-49 

733. 81 

2.57 

220 

B.  A.  C.  1463  .     . 

7.5 
6.3 

«755 
1850 

—  48.9' 
49-53 

+  760. 15 
7'3. 39 

^ 

-h  23  20  49.  7 

•                a               • 

230 

B.  A.  C.  1468  .     . 

6.3 

1850 

+  18  27  31.12 

+  697.30 

—  48.06 

4-  706.30 

9.00 

23" 

a     Camelopardalis 

4-7 

1755 

+  65  53  11.88 

+  768.  54 

—  78.81 

-f  768.  73 

—  0. 19 

1800 

65  58  49.  73 

732. 84 

79.86 

733-  01 

0.17 

1850 

66    4  46.  1 1 

692. 62 

80.99 

692.77 

0. 15 

1900 

66  10  42.  25 

651.86 

82.04 

651.99 

0. 13 

232 

96  Tauri     .... 

6.0 

1755 

+  15  27  12.45 

+  720.65 

—  46.80 

+  721. 14 

—  0.49 

6.5 

1850 

15  38  15.87 

675.94 

47.32 

676.44 

0.50 

233 

1      laun     .... 

5-5 

'755 

+  '823  57.87 

4-  705.86 

—  48  06 

+  7'o.3' 

—  4.45 

i 

5.3 

1850 

18  34  46.66 

659. 95 

48.60 

664. 53 

4.58 

234 

I     Aurigoe .... 

4.0 

1755 

+  32  45    5-  80 

+  675.21 

—  53.  59 

4-  677. 38 

—  2.17 

3.0 

1850 

32  55  22.98 

624. 01 

54.21 

626. 16 

2.15 

1900 

33    0  28. 19 

596. 83 

54.53 

598. 98 

2.15 

235 

B.  A.  C.  1526  .     . 

6.5 

«755 

+  16  44  45.52 

+  656.65 

-  47.  78 

+  659.51 

—  2.86 

5-3 

1850 

16  54  47.  71 

611.03 

48.27 

6'3.83 

2.80 

236 

99  Tauri     .... 

6.5 

1755 

+  23  32  29.36 

4-  659.  22 

—  50.26 

4-  661.  73 

—  2.51 

6.0 

1850 

23  42  32. 87 

611.20 

50.84 

613. 82 

2.62 

237 

k    Tauri     .... 

6.0 

1755 

-f  24  38  50.61 

+  653. 80 

—  50. 67 

4-  659.92 

—  6. 12 

6.0 

1850 

24  48  48.  75 

605.37 

5'.3' 

611.60 

6.23 

238 

loi  Tauri     .... 

7.0 

>755 

+  »5  3'  26.45 

+  635. 86 

-  47.  78 

+  639.17 

-  33' 

7.0 

1850 

15  41    8.88 

590.  25 

48.24 

593- 64 

3.39 

239 

(     Tauri     .... 

4.5 

1755 

+  21  12  56.39 

+  610.98 

—  50.00 

4-  616.07 

—  5.09 

5.0 

1850 

21.22  14.09 

563. 26 

50.47 

568.51 

5.25 

240 

1 1  Orionis .... 

5.0 

1755 

4-  15    2  21.  71 

+  594.65 

—  47. 89 

4-  598.46 

-  3.81 

—    0.03 

5.0 

1850 

15  II  24.96 

548.98 

48.27 

552. 82 

3.84 

• 

1900 

'5  '5  53-4' 

524.80 

48.47 

528.66 

3.86 

241 

m   Tauri     .... 

5.0 

'755 

-h  18  17  29.97 

+  580.  72 

—  50.30 

+  578. 36 

4-  2.36 

5.3 

1850 

18  26  18.88 

532.  74 

50.70 

53'.  03 

I.  71 

1 

242 

/     Tauri     .... 

5.5 

'755 

+  20    4  14.93 

+  572.09 

—  49.  72 

+  575  50 

-  3-4' 

5.7 

1850 

20  12  55.90 

524.66 

50. 12 

528.  II 

3-45 

243 

105  Tauri     .... 

6.0 

'755 

+  21  21  21.61 

+  573.86 

—  50. 24 

+  575.  76 

—  1.90 

6.0 

1850 

21  30    4.07 

525. 98 

50.57 

527. 90 

1.92 

244 

103  Tauri     .... 

6.0 

'755 

+  23  54  58.4' 

4    575-39 

—  51.07 

+  576.52 

-  '.'3 

6.0 

1850 

24    3  4'.  92 

526. 65 

5'.  55 

527.76 

i.ii 

202 


STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


No. 

Star. 

245 

107  Tauri     .... 

246 

W  4^  1421  .     .     . 

247 

15  Ononis  .... 

248 

a     Aurigai       .      .     . 

249 

108  Tauri     .     .     .     . 

250 

/?    Orionis  .... 

O    G 
O 


^  ^ 


251 


252 


253 


254 


255 


256 


257 


258 


259 


w    Tauri 


22  Aurigac 


no  Tauri 


III  Tauri 


t3    Tauri     - 


113  Tauri 


115  Tauri 


o     I  aun 


I  J.  A.  C.  1699 


260    116  Tauri 


261 


262 


263 


1 1 7  Tauri 


H.  A.  C.  1703 


Groombridge  966  . 


I 


Right  ascension. 


755 
850 

850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

90Q 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
800 

850 

900 


I 


5 
3 


5  i 
26  I 


5 

2 


5 
32 

5 
3 

5 
3 

5 
>5 

ID 


5 
5 

2 

'9 

5 
31 

I 

3 

5 
9 


2 
3 


i.     m. 

4    54 

24. 

4    59 

59. 

5      0 

19. 

4    55 

41. 

5      I 

7. 

4    58 

37. 

5      5 

36. 

5      9 

18. 

5      0 

45. 

5      6 

26. 

5      2 

46. 

5      7 

19. 

5      9 

43. 

5      4 

34. 

5    10 

16. 

5      7 

53. 

5    13 

53. 

5      9 

29. 

5    H 

58. 

5    ^o 

8. 

5    15 

40. 

5    *o 

49. 

5    16 

48. 

5    '9 

58. 

5    II 

57. 

5    17 

25. 

5    12 

53- 

5    18 

25. 

5    12 

56. 

5    iS 

37. 

5    '3 

25. 

5    iS 

52. 

5    13 

41. 

5    »9 

8. 

5    13 

49- 

5    >9 

>9. 

5     '4 

2. 

5    >9 

30. 

5      7 

9. 

5    >3 

4 

5    19 

42. 

5    26 

21. 

s. 

276 

505 


741 

005 

982 
928 

043 

440 

93' 

463 
856 

892 

475 
037 

265 

155 

917 
156 

643 

428 

487 

787 
192 

240 
770 

442 
209 

163 
709 

553 
538 

825 
630 

317 

338 

774 
502 

ID 

72 
12 
60 


Centennial 
variation. 


Secular 
variation. 


Struve's 
precession. 


s.         I 
+  352.450 
353- 287  I 

•  •  •  •      . 

+  342.013  I 
342.  748  I 

-♦-  440.  "37  , 

441.821  : 
442.631 

+  359. 046  i 
359.872  I 

+  287. 588  j 

287. 974  ' 
288. 1 72  I 

I 
+  359. 140 

359.927 ! 

I 

+  378. 373 
379. 276 

+  345.  >97 
345-  825 

+  348.919 
349.  564 

+  377.  795 
378.611 

379.006 

+  345- 5 '4 
346. 121 

+  348.914 
349. 533 

+  359.173  I 
359. 861 

+  343-  900 
344.483 

+  343. 7'3 
344.290 

+  347. 088 
347. 682 

-f  344.681 
345.266 

+  787.92 
792. 49 
797.00 
800.83 


s. 
-f  0.908 
0.854 

-f  1.071 

+  o.  797 
0.751 

+  1.879 
1.666 

1.573 

-f  0.901 
0.837 

+  0.413 
0.400 

o.39> 

+  0.861 
0.796 

+  0.995 
0.907 

+  0.687 
0.635 

+  o.  706 
0.653 

+  0.904 
0.814 
o.  767 

4-  0.665 
0.613 

■f  0.680 
0.624  I 

+  o.  756 
0.692 

+  o.  64o 
0.588 

+  o.  633 
0.581 

-f  o.  652 
0.598 

-f  0.643 
0.589 

-f  10. 61 

9.63 
8.38 
7.02 


s. 


-f  352.479 

353. 3> 7 
+  375-  398 

+  342.062 
342.800 

-f  439-  270 
441.005 

441.848 

+  359. 191 
360. 019 

+.287.613 
287.999 
288. 199 

+  358.981 
359.  762 

+  378. 273 
379- 166 

+  345-  521 
346. 155 

-f  347. 255 
347.893 

+  377. 597 
378. 4»o 
378.821 

-f  345.646 
346. 258 

+  348. 855 
349.473 

+  359.116 
359.  797 

+  344.085 
344. 672 

-f  343.690 
344. 270 

+  347.096 
347.690 

+  345-  »09 
345-  706 

+  787. 14 
791.  70 

796.20 

800.04 


Proper 
motion. 


s. 
0.029 

0.030 


—  0.049 
0.052 

-f  0.867 
0.816 

0.783 

—  o.  145 
0.147 

—  0.025 
0.C25 
0.027 

-f-  o.  159 
o.  165 

-|-  O.  100 

o.  no 

—  0.324 
0.330 

-|-  1.664 
1. 671 

-f  0.198 
0.201 
0.185 

—  o.  132 

0.137 
+  0.059 

0.060 

-f  0.057 

0.064 

—  o.  185 
o.  189 

+  0.023 

0.020 

—  0.008 
0.008 

—  0.428 
0.440 

■f  o.  78 

0.79 
0.80 
0.79 


Sec.  var. 

of  proper 

motion. 


s. 


052 


010 


STANDARD   CLOCK    AND   ZODIACAL   STARS. 


203 


DECLINATIONS. 


No. 

Star. 

Mag. 

Epoch. 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Slruve's 
precession. 

Proper 
motion. 

• 

Sec.  var. 

of  proper 

motion. 

0    t        It 

n 

// 

II 

II 

II 

245 

107  Tauri     .... 

7.0 

1755 

-f  19  3"    o-3> 

+    565.  71 

—  49-  56 

-f  566.47 

—  0.76 

6.5 

1850 

»9  39  35-  30 

518.42 

50.00 

519.  '5 

0.73 

246 

W  4»»  1421  .     .     . 

6.0 

1850 

-f  27  50    5. 2 

. 

—  53- 14 

-f  516.41 

. 

247 

15  Ononis .     .     .     : 

5.0 

»755 

+  15  15  36.86 

+    555.07 

-48.17 

+  555.62 

-  0.55 

5.3 

1850 

15  24    2.38 

509.12 

48.57 

509.65 

0.53 

248 

a  Aurigse .... 

1.0 

>755 

+  45  43    5-  52 

+  487.  59 

-  62. 35 

+  530.92 

—43. 33 

—  0.  II 

i.o 

1850 

45  50  20.51 

428.07 

62.96 

471.48 

43. 4> 

1900 

45  53  46. 66 

+  396.5' 

63.28 

439.98 

43  47 

249 

108  Tauri     .... 

7.0 

1755 

-f  21  58  45.88 

+  5'2.o5 

—  50. 84 

+  512.90 

—  0.85 

6.3 

1850 

22    6  29.32 

463. 56 

51.24 

464.39 

0.83 

250 

/3  Orionis .... 

1.0 

1755 

—    8  30  16.69 

+  495. 19 

—  40.88 

+  495. 80 

—  0.61 

1.0 

1850 

8  22  44.  74 

456. 26 

41.09 

456. 87 

0.61 

1900 

8  19    I-  75 

435. 68 

41.19 

436. 29 

0.61 

251 

n  Tauri     .... 

5.5 

1755 

+  21  49    4.43 

+  472. 34 

—  51.22 

+  480. 54 

—  8.20 

5.7 

1850 

21  56    9.97 

423.50 

51.60 

431.82 

8.32 

252 

22  Aurigse  .... 

7.0 

1755 

+  28  40  33. 80 

+  459. 22 

—  53.99 

+  452.31 

-f  6.91 

7.0 

1850 

28  47  25.64 

407.  74 

54-40 

400.86 

6.88 

253 

1 10  Tauri     .... 

7.0 

1755 

-f  16  26  36.80 

+  435. 86 

—  49. 28 

+  438. 56 

—  2.  70 

6.8 

1850 

1633    8.57 

388.89 

49.60 

391.55 

2.66 

254 

Ill  Tauri     .... 

6.0 

1755 

+  17    7  51-40 

+  433-  >o 

—  50.22 

+  43^05 

+  0.05 

5.7 

1850 

17  14  20. 15 

385. 25 

50.52 

385. 50 

—  0.25 

255 

^  Tauri     .... 

2.0 

>755 

+  28  22  26.51 

-f  409.20 

—  54. 12 

+  427. 23 

—18.03 

—  0.03 

2.0 

1850 

28  28  30.  78 

357-64 

54.44 

375.  70 

18.06 

1900 

28  31  22.  79 

330. 38 

54.60 

348. 46 

18.08 

256 

113  Tauri     .... 

6.0 

1755 

+  16  27  28.43 

+  416.43 

—  49. 46 

+  417-56 

-  1. 13 

7.0 

1850 

16  33  4J.67 

369.30 

49.76 

370.38 

1.08 

257 

115  Tauri     .... 

5.5 

>755 

+  17  43  34.90 

-|-  409.21 

—  50.02 

+  40c.  50 

—  0.29 

6.0 

1850 

17  49  41.01 

361.51 

50.41 

361.88 

0.37 

258 

0  Tauri     .... 

5.0 

1755 

4-  21  42    8.40 

-f  408.01 

—  5'.6o 

-f  409- 16 

-  1. 15 

6.0 

1850 

21  48  12. 71 

358. 84 

Si-93 

360. 10 

1.26 

259 

B.  A.  C.  1699  .     - 

8.0 

1755 

+  15  48  24.03 

-f  403. 02 

—  49. 28 

-f  404.92 

—  1.90 

8.0 

1850 

15  54  24.61 

356.06 

49.57 

357.94 

1.88 

260 

ii6Taun     .... 

6.0 

»755 

+  15  38  35.80 

+  398. 93 

49.30 

-f  402.62 

—  3.69 

6.0 

1850 

15  44  32.49 

351.96 

49.58 

355-  65 

3- 69 

261 

117  Tauri     .... 

1755 
1850 

4-17    0  42.  26 

4-   -IQI.  62 

—  40.  q8 

-4-  401.6s 

—  8.03 

AV^^  A 

6.3 

17    6  33.59 

1       J7J. 

346. 01 

50.27 

1    ^        J 
354- 12 

.   0 
8.  II 

262 

B.  A.  C.  1703  .     . 

7.0 
6.9 

1755 
1850 

49.38 
49-67 

-f  399-62 
352. 49 

mt\S^ 

4-  16  18  40.4 

. 

. 

263 

Groombridge  966  . 

. 

'755 

+  74  49  31.24 

-f  460.64 

—  II2.2I 

-f  458.  59 

-f  2.05 

1800 

74  52  47. 12 

409.84 

113.48 

407-  85 

1.99 

6.5 

1850 

74  55  57.80 

352. 78 

114.74 

350.84 

1.94 

• 

1900 

74  58  39. 81 

+  295. 15 

—115.84 

+  293.27 

-f  1.88 

8 
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STANDARD   CI^OCK    A\D  ZODIACAL   STARS. 


RIGHT  ASCENSIONS. 


No. 


Star. 


264  iiSTauri     .     . 

I 

265  , 1 19  Taurl     .     . 

I 

266  H.  A.  C.  1728 

267  I     A  Ononis  . 


268    120  Tauri 


269       a  Leporis 


270    121  Tauri 


271     122  Tauri 


272       f  Orion  is  . 


273        C  Tauri 


274     26  Aurigx' 


275  I         B.  A   C.  1772 

276  125  Tauri     .     . 
I 

277  126  Tauri     .     . 


278 


li.  A.  C.  1 796  . 


279    127  Tauri 


280 


B.  A.  C.  1801 


281        a  C'olumboe 


282  128  Tauri 


283  129  Tauri 


I  o  c 

I  S 
"^  o 


I 


755 
850  ' 
I 
7b5 
850 

850  . 

755  ' 
850  ' 

900  I 

755  ! 
850 

755 
850  I 

900  I 
i 
755 
850  ' 

755  ' 
850  ; 

755  ! 
850  ' 

900 ; 

755 
850 

755 
850 

850 

755 
850 

755 
850 

755 
850 

755 
850 

850 
755 

900 

755 
850 

755 
850 


Right  ascension. 


Centennial 
variation. 


Secular 


Struve's 


variation.  ,   precession. 


5 
8 

5 
I 
32  : 


10 
607 

5 1 

'8, 

I 
I 

5 
209  ' 

5 1 
•5 

I 
5  I 

5 

10 
420 

5 
119 

3 
6 


5 
23 

5 
10 

I 

3 

5 
3 


179 

5 
6 

5 
21 


w,         s.       I 

14  12.  796 

20        2.773 

"7  5>-757  I 

23  25. 279  I 

23  32. 9      ' 

19  30.004 

24  20.  704  i 
26  53.845  I 

19  10.871  i 
24  44.298  1 

I 
I 

21  55-947  ! 

26  6.951 

28  19. 167  ; 

20  30.319 
26  17.637  ' 

22  51.337 

28  21.527 

23  47-50» 

28  36. 227 

3"   S.319 

23  o.  961 

28  40. 961 

22  55-275 

29  0.394  , 

29  46. 2  • 

24  34.046  ' 

30  26.541 

27  8. 772 
3^  37.713 

28  4. 368 

33  39-241 
28  29. 680 

34  4- 3«8  ' 

34  13.  > 

30  46. 941 

34  13. 124 
36   1. 741 

30  47.  008  , 

36  14.854  , 

32  40.685 
3«   7. 989 


s, 
-f  368.030 

368.  750 

+  350-  782 
351-362 


-f  305. 809 
306. 187 

306. 376 

+  350. 685 
35 '.258 

4-  264.069 
264.358  I 
264.506  ' 

i 

-f  365-  279 

i 

365-904  I 

-f  347. 3>3 
347.816 

-f  303.  743 
304.095  I 

304-271  ' 

+  357.612 
358. 167 

+  383-979 
384. 676  , 

+  370.  742  ' 
37'.  340 

-f  346.020 
346. 479 

I 

+  352.261 
352. 726 

+  352.002 
352. 468 

-f  216.902 
217. 166 

217.303 

+  344. 886 
345-  308 

+  344-326 
344.726 


+  0 
o 

+  0 
o 

+  0 

+  0 

o 
o 

-|-  o 
o 

+  0 

o 
o 

-|-  o 
o 

+  0, 

o 

+  0 

o 
o 

+  o 
o 

+  0 

o 
+  o 

+  o 
o 

+  0 

o 

+  o 
o 

+  o 
o 

+  o 

+  o 
o 
o 

-♦-  o 
o 

+  o 
o 


J.   I      s, 

797  I  +  367. 923 

720  j  368. 644 

641  I  +  350.7" 

581  35»-289 

558  +  347-391 

410  -f.  305. 844 

385  I  306.220 

I 

371  306.410 

632  -f  350.638 

574  35'.  203 

311  4-  264.090 

298  264. 377 

293  264. 528 

696     +  365. 262 

620  365. 884 

i 

557  j  -f  347.014 

501  347. 524 

382  +303.815 

358  i  304. 167 

346  304. 343 

6»7  +357.593 

552  358. 147 

785  +  384. 202 

684  1  384.901 

651  '  +  381.024 

I 

675  ,'  +  370.  701 

586  37".  300 

5'o  +  345- 9i6 

456  I  346.381 

521  '  +  352.210 

458  '  352.675 
I 

522  +  352.  199 

459  352. 670 

507  +  363-926  , 

281   +  216.  757  \ 

275  217.023  : 

272  217. 163  ! 

i  I 

472     +  344-928  I 

416  ^  345.  356 

449     +  344.  333 

394,  344.738 


Proper 
motion. 


Sec  var. 

of  proper 

motion. 


J. 
+  o.  107 

o.  106 

+  0.071 
0.073 


—  o.  035 
0.033 
0,034 

+  0.047 
0.055 

—  0.021 
0.019 
0.022 

+  0.017 
0.020 

+  0.299 
0.292 

—  0.072 
0.072 
0.072 

+  0.019 
0.020 

—  o.  223 

.    0.225 

+  0.041 
0.040 

+  o.  104 
0.098 

+  0.051 
0.051 

—  o.  197 
0.202 


+  o.  145 

o.  143  , 

o.  140 

I 

—  0.042 
0.048  I 

—  0.007 
0.012 


+0.002 


.002 
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DECLINATIONS. 


No. 

Star. 

• 

a. 

Declination. 

Centennial 
variation. 

Secular 
variation. 

II 

Struve*s 
precession. 

Proper 
motion. 

1 
Sec.  var. 
of  proper 
motion. 

1 

0    /       *// 

II 

// 

// 

// 

264 

118  Tauri     .... 

7.0 

»755 

-f  24  55  33. 0' 

+  395-  '9 

—  52. 81 

+  398. 19 

—  3.00 

5.7 

1850 

25    '  24.57 

344.87 

53- '4 

347.90 

3-03 

1 

265 

119  Tauri     .... 

5.5 

1755 

+  '8  23  13.  74 

+  3<>6. 33 

—  50.57 

4-  366.80 

—  0.47 

1 

5.0 

1850 

18  28  38.91 

318. 18 

50.84 

3'8.  75 

0.57 

1 

266           B.  A.  C.  1728  .     . 

6.0 

1850 

-f  16  56  26. 5 

-^  50. 18 

+  3»7.66 

- 

1 
1 

267       6  Ononis  .... 

2.0 

1755 

—    0  30    7.62 

+  352. 28 

—  44. '3 

+  352.  76 

—  0.48 

1 

—  0.02  1 

2.3 

1850 

0  24  52. 89 

3'o.27 

44.29 

310.76 

0.49 

1900 

0  22  23.30 

2S8.  II 

44.37 

288.62 

0.51 

1 

268 

120  Tauri     .... 

6.0 

1755 

-f  18  20  25.60 

-f  356.22 

—  50.69 

4  355-57 

4-0.65 

1 

6.0 

1850 

18  25  41.09 

307. 94 

50.95 

307  37 

0.57 

1 

269 

c  Leporis 

3.5 

1755 

—  18    0  58. 59 

+  33'-  72 

-  38- 19 

-f  33'- 77 

—  C.05 

—  o.oi 

2.7 

1850 

17  56    0.  71 

295- 39 

38.29 

295. 45 

0.06 

1 

1900 

17  53  37.80 

276. 23 

38-35 

276. 29 

0.06 

' 

270    121  Tauri     .... 

6.0 

1755 

-f  23  51    3.66 

+  341-07 

—  52.  79 

+  344.07 

—  3.00 

1 

1 
1 

6.0 

1850 

23  56    3.82 

290.  78 

53." 

293-  92 

3- '4 

1 

1 
271    122  Tauri     .... 

6.0 

'755 

+  16  51  52.78 

-f  3'8.5o 

— •  50. 18 

-f  323-  77 

-5-27 

6.0 

1850 

16  56  32.68 

270.  72 

50.42 

276. 00 

5.28* 

i 

272 

e  Orionis  .... 

2.3 

1755 

— -    I  22  48. 15 

+  3'5.  73 

—  43-  92 

-f  3'5-  70 

-f  0.03 

1 

1.8 

1850 

I  18    8.05 

273-94 

44.05 

273-90 

0.04 

1900 

I  15  56.59 

251.90 

44- '3 

251.86 

0.04 

273 

C  Tauri     .... 

3.4 

1755 

+  20  58    5. 69 

^  3'8.62 

—  5'.  77 

+  322.40 

-3-78 

3.3 

1850 

21    244.97 

269.32 

52.00 

273.21 

3.89 

274 

26  Aurigie  .... 

5.0 

1755 

30  19  10.33 

-f  322.39 

—  55-  39 

-f  323-20 

—  0.81 

1 

6.0 

1850 

30  23  51.54 

269.63 

55-69 

270. 41 

0.78 

1 
1 

275 

B.  A.  C.  1772  .     - 

6.3 

1850 

+  29    7  24. 6 

. 

—  55-  22 

+  263.80 

. 

i 

276 

125  Tauri     .... 

6.0 

»755 

+  25  44    0.  74 

+  305-  99 

—  53.  74 

+  309-00 

—  3- 01 

6.0 

1850 

25  48  27. 13 

254. 84 

53.95 

257.96 

3- '2 

277 

126  Tauri     .... 

5.5 

»755 

-f  16  22  56.42 

+  284.  27 

—  50. 10 

-f  286.64 

—  2.37 

• 

5.7 

1850 

16  27    3. 84 

236. 58 

50.30 

238.96 

2.38 

278 

B.  A.  C.  1796  .     . 

8.0 

'755 

-f  18  50  38.  81 

+  270. 10 

—  51.02 

+  278.61 

—  8.51 

1 

7.5 

1850 

'8  54  32. 36 

221.54 

51.22 

230. 02 

8.48 

279 

127  Tauri     .... 

8.0 

'755 

-f  18  50  14.02 

4-  270.64 

-  50. 95 

-f  274.96 

—  4.32 

6.3 

1850 

18  54    8.09 

222. 14 

51.16 

226. 36 

4.22 

280 

B.  A.  C.  1801  .     . 

6.0 

1850 

-f  23    7  41.5 

. 

—  52.9' 

+  225. 15 

•          •          • 

281 

a  Columbx    -     .     . 

•     • 

'755 

—  34  '3    9.  25 

-f  250.64 

-  3'. 55 

+  255. 10 

—  4.46 

1 
—  0. 03 

2.5 

1850 

34    9  25.  39 

220. 64 

31.61 

225. 14 

4-50 

1 

1900 

34    7  39. 02 

204. 82 

3'- 65 

209.34 

4.52 

i 

282 

128  Tauri     .... 

6.0 

'755 

+  '5  57  '8.39 

+  253.  73 

—  50.01 

-f  255.09 

—  1.36 

1 

1 

6.9 

1850 

16    0  56.85 

206. 19 

50.07 

207. 50 

'-3' 

1 
1 

283 

129  Tauri     .... 

6.0 

'755 

+  15  42    8.98 

+  236.57 

—  49. 97 

+  238. 63 

—  2.06 

1 

6.3 

1850 

'5  45  3'.  13 

189.02 

50.14 

191.07 

2.05 

1 
1 
1 

2o6 
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RIGHT  ASCENSIONS. 


No. 

Star. 

• 

M 

Jo   ^     Right  ascension. 

i   § 

'   A,     fft,         s. 

Centennial 
variation. 

5;>ecular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

s. 

s. 

s. 

s. 

J. 

284    i3oTauri     .... 

1755 

5       ! 

)    33 

9.684 

+  349. 043 

-f  0.464 

+  349.  '69 

—  0.126 

1 

1850 

II       ( 

;  38 

41.475 

349. 455 

0. 

404 

349.584 

0. 129 

285     i32Tauri     .... 

>755 

5       ! 

;  33 

59. 491 

+  367.38' 

+  0. 

527 

-f  367.447 

—  0.066 

1 

1850 

26       . 

;  39 

48.  728 

367. 843 

0, 

446 

367.908 

0.06s 

• 

286     i36Tauri     .... 

'755 

5       I 

>  37 

56.206 

+  376.470 

+  0. 

492 

+  376. 390 

+  0.080 

1 

1850 

43'    ! 

1 

)  43 

54.057 

376.895 

0. 

402 

376  820 

0.07s 

287 

[ 

B.  A.  C.  1867  .     . 

>755 

I       « 

)  38 

45.  734 

+  356. 144 

+  0. 

.409 

+  356.045 

+  0.099 

I 

1850 

12       ( 

)  44 

24. 195 

356. 500 

0. 

342 

356.412 

0.088 

288  .  A:'   Orionis  .... 

'755 

1 

5     ; 

>  39 

52. 959 

-f  354. 689 

+  0 

•394 

+  356.037 

—  1.348 

1850 

44     ; 

>  45 

30.081 

355.031 

0, 

327 

356.388 

'357 

289  '  Xi  Orionis  .... 

'755 

5'   ; 

)  40 

26.900 

+  354. 586 

+  0 

.402 

■f  354. 656 

—  0.070 

1850 

"     ; 

>  46 

3.928 

354. 936 

0 

•335 

355. 003 

0.067 

290       a  Orionis  .... 

1755 

)  41 

54.894 

+  324.308 

+  0 

.321 

-f  324. 170 

-f-  0. 138 

-fo.ooi 

; 

1850 

1 

)  47 

3. '25 

324. 593 

0, 

279 

324.452 

0. 141 

1 

1900 

! 

>  49 

45-  456 

324.  728 

0, 

,261 

324.589 

0.139 

291     139  Tauri     .... 

"755 

3       I 

)  42 

47.976 

+  37'.7'8 

+  0. 

411 

+  371.757 

—  0. 039 

1 

1 

1 

1850 

'7  1    ! 

;  48 

41.281 

372.069 

0. 

.328 

372.112 

0.043 

292     140  Tauri     .... 

1755 

[ 

)  45 

37.480 

+  363.  '72 

+  0. 

354 

-f  363. 277 

—  0. 105 

■  1850 

3       ! 

)    5' 

22. 647 

363.472 

0 

.279 

363. 577 

0. 105 

293     141  Tnuri     .... 

>755 

1 

5       I 

)  46 

54. 385 

+  361.  750 

+  0 

•336 

-f  361.952 

—  0.202 

1850 

12       1 

)  52 

38. 187 

362. 034 

0 

.263 

362. 237 

0.203 

i     294     x'^  Orionis  .... 

'755 

i 
3       I 

;    48 

58. 106 

+  354.221 

+  0 

•295 

+  354.  755 

—  0.534 

1 

! 

1850 

1 

7  1    ! 

)    54 

34.  739 

354. 470 

0. 

.230 

355. 007 

0.537 

295        I   (kniinorum 

1 

1755 

5       ! 

)    49 

13.828 

-h  364.418 

+  0 

.292 

4  364.413 

+  0.005 

1850 

1 

9.    I 

)    55 

0.144 

364. 655 

0 

.216 

364. 653 

0.002 

296      I*  ( )rionis  .... 

'755 

1 

)    49 

22. 636 

+  355.  766 

+  0. 

.292 

+  355. 946 

—  0. 180 

1 

1  1850 

18       « 

1 

)    55 

0.734 

356.011 

0. 

.224 

356. 194 

0.183 

297 

2  (.cminorum 

'  '755 

1 

5       ! 

)    5' 

52. 639 

+  365. 535 

+  0 

.273 

■f  365. 498 

+  0.037 

1 

1850 

1 

7       ! 

5    57 

40.009 

365.  757 

0 

•'95 

365.  721 

0.036 

1 

298        r  Orionis  .... 

1 

'755 

'        5       ! 

)    53 

35.016 

+  342.472 

+   0 

•235 

-f  342. 257 

+  0.215 

1 

( 
1 

1850 

;  '32    1 

)    59 

0.462 

342. 670 

0 

.181 

342.458 

0.212 

1 

1 

1900 

1 

1 

}      I 

51.819 

342.  754 

0 

.'53 

342. 541 

0.213 

1 

299       3  (leminorum 

'755 

1      s'  1 

)    54 

51.421 

+  364.  '07 

+   0 

.219 

+  364.116 

—  0.009 

1 

'  1850 

18  1    ( 

3      0 

37.410 

364. 282 

0 

.'50 

364. 298 

0.006 

!     300       4  Ceminorum 

1755 

5      I 

)    55 

38.384 

+  363.  776 

+   0. 

.214 

+  363.811 

—  0. 03s 

1 

1850 

3       < 

>      I 

24.056 

363.942 

0. 

•'37 

363.988 

0.046 

1 

301      22  (II)  ('amel()i)ar(lalis 

'755 

« 

)    5' 

49.60 

-f  661.  72 

+  0. 

.90 

-f  661.87 

—  0.15 

1 

,  1800 

* 

5    56 

47.44 

661.99 

+  0. 

•30 

662.17 

0.18 

1 
1 

1850 

.          .              ( 

3      2 

18.45 

661.98 

—  0. 

.36 

662. 19 

0.21 

1900 

1 

.          .              ( 

'                       1 

>      7 

49.37 

-f  661.64 

—  I. 

02 

• 

-f  661.87 

—  0.23 
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DECLINATIONS. 


286 


287 


288 


289 


290 


291 


292 


293 


294 


295 


296 


297 


298 


299 


300 


301 


Star. 


130  Tanri 


132  Tauri 


136  Tauri 


B.  A.  C.  1867 


X^  Orionis  . 


X^  Orionis 


a  Orionis 


139  Tauri 


140  Tauri 


141  Tauri 


X^  Orionis 


I  Cleminorum 


X*  Orionis  . 


2  Geminorum 


V  Orionis  . 


3  Geminorum 


4  Geminorum 


22  (H)  Camelopardalis 


6.0 
6.0 

5.0 
5.3 

4.5 
5.3 

7.5 
7-2 


5.0 

4.7 

6.0 
6.0 

i.o 


1-3 

5-5 
5.3 

8.0 
7.0 

6.0 
6.7 

5.0 
6.0 

5.0 
5.0 

5.5 
5.0 

6.5 
7.2 

4-5 
4.7 

0.0 
6.3 
7.0 
7.4 


I 


O 


Declination. 


o  / 


4.7 


755  I  + 

850  I 

I 

755  I  + 

850  i 

755   + 
850 ' 


755  + 
850 

755 ,  + 
850 1 

755 1  + 
850 1 

755  i  + 
850 

900 

755 1  + 
850 


755 
850 


755 
850 

755 
850 


755 

Soo 
850 
900 


17  36  43.61 
17  40  3.96 

24  27  32.26 
24  30  42. 1 1 

27  31  38.86 
27  34  16. 39 

20  13  7.85 


20 

«5  3'- 

90 

20 

12  20. 

95 

20 

H  34. 93 

+ 


755  I  + 
850  I 

755  I  + 
850  I 

755  I  + 
850 


19  40  37.02 
19  42  54. 81 

7  20  17.74 
7  22  27.34 
7  23  18.39 

25  53  48. 55 
25  55  46. 97 

22  51  33.28 
22  53    8.28 

22  22    5.  76 
22  23  28.30 


+ 


+ 


755  I  + 
850  I 

900  I 

755  I  + 
850  I 

755  I  + 
850 


19  40 

19  41 

23  15 
23  15 

20  7 
20    8 

2338 
2338 

14  46 
14  46 
14  46 


10.15 
16.  II 

1.82 
57.72 

7.77 
11.99 

6.78 
48.86 

24.93 
52.89 

49.46 


-f 


+ 


23    7  39. 13 
23    7  56.69 

23    o  59. 89 

23     I     6. 10 

I 
69  21  32.94  j 

69  21  50.05 

69  21  46.  10 

69  21   18.03 


Centennial 
variation. 


// 


Secular    1      Struve's 
variation,      precession. 


+  234.99 
186.89  I 

-f  225.29 

1 74. 36 

I 

-f  191.88  i 

139. 70 1 

-f  176.27 1 
126.97 1 

-f  165.48 1 
116.57  j 

-f  169.65 
120.44 

+ 158.88 

"3. 94 
90.26 

+ 150.44 
98.77 

-f  125. 16 1 
74.85 1 

-f  "11.99  I 
61.78 

+  93.95 
44.94 

+  84.13 
33.53 

-f  92.34 
42.86 

-f  69.63 
18.95 

+  53.24 
+   5.65 

—  19.38 

-f  43.80  I 

-   6.84 ! 

I 

+  3'.  75  I 

—  18.67 

-f  59.66 

-f  16. 24 

—  32.03 

—  80.26 


0.72 
0.55 

3.50 
3.72 

4.85 
5.01 

1.82 
1.96 

1.42 
1.54 

1-77 
1. 81 

7.29 
7.34 
7.36 

4.29 
4.50 

2.91 
3.00 

2.82 
2.88 

1.54 
I  64 

3.23 
3-35 

2.03 
2. 14 

3-33 
3.37 

O.  II 

0.08 
0.04 

3.30 
3.30 

3.06 
3.08 

96.48 

96.55 
96.52 
96.40 


// 


+  234.42 
186.20 

227. 28 

176.45 

-f  192.84 
140.  78 

-f  185.69 
136.37 

+  175.88 
126.81 

-|-  171.00 
121.87 

H-  158. 18 

"13.25 

89.59 

+  "50.44 
98.95 

+  "25.77 
75.4" 

+  ""4.56 
64.42 

-f    96.54 
47.44 

+    94.23 
43.74 

+    93^00 
43.64 

-f    71. 10 
20.43 

+    56.  "5 
+     8.67 

—  "6.31 

+    45.04 

—  5.45 

+    38.17 

—  "2.25 ! 

+    7".  53 
-f    28.09 

—  20. 19 

—  68.43 


Proper 
motion. 


II 
+  0.57 
0.69 

—  1.99 
2.09 

—  0.96 
1.08 

—  9.42 
9.40 

— 10. 40 
10.24 

—  ".35 
1.43 

-f  0.70 
0.69 

0.^7 

0.00 

—  0.18 

—  0.61 
0.56 

—  2.57 
2.64 

—  2.59 
2.50 

— 10. 10 
10.21 

—  0.66 
o.  781 

—  ".47 
1.48 

—  2.81 
3.02 

—  3.07 

—  1.24 
".39 

—  6.42 
6.42 

—11.87 
11.85 
11.84 

—11.83 


Sec.  var. 

of  proper 

motion. 


// 


—  0.02 


2o8 
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RIGHT  ASCENSIONS. 


r  of 
tions. 

No. 

Star. 

Epoch. 

1  > 

Xi   >  '  Right  ascension. 


Centennial 
variation. 


Secular    |     Struve's 
variation,      precession. 


Proper 
motion. 


Sec  var. 

of  proper 

motion. 


h. 

ffi. 

s. 

s. 

s. 

J. 

J. 

X. 

302 

5  Geminorum 

1755 

5 

5 

S6 

30.  891 

+  367.  767 

+  0.  203 

-f  367. 803 

—  0. 036 

1850 

'3 

6 

2 

20.  349 

367.921 

0.  121 

367. 960 

0.039 

303 

68  Ononis  .... 

1755 

2 

5 

57 

30. 465 

+  355. 463 

+  0. 191 

+  355. 206 

-f  0.257 

1850 

10 

6 

3 

8.231 

355.613 

0.  124 

355. 360 

0.253 

304 

6  Geminorum      .     . 

'755 

4 

5 

57 

28.  040 

+  363.  56' 

+  0.  196 

-f  363.601 

—  0.040 

1850 

9 

6 

3 

'3.499 

363.7" 

0.  120 

363.  754 

0.043 

305 

/^  Orionis  .... 

1755 

4 

5 

57 

55.908 

+  345-  634 

+  0.  193 

+  345.  757 

—  0. 123 

1850 

4 

6 

3 

24.  338 

345. 790 

0.135 

545. 9'8 

0.128 

306 

K  Aurigae  .... 

1755 

4 

5 

59 

45.882 

+  382.364 

+  0.  113 

-f  382. 864 

—  0.500 

1850 

35 

6 

5 

49.  164 

382. 424 

0.013 

382. 948 

0.524 

307 

17  Geminorum      .     . 

1755 

5 

6 

0 

5.307 

+  362. 130 

-f  0.  163 

+  362.  547 

—  0.417 

1850 

214 

6 

5 

49-  393 

362. 250 

0.090 

362. 667 

0.417 

308 

71  Orionis  .... 

'755 

4 

6 

0 

26. 121 

+  352.826 

+  0. 128 

+  353. 620 

—  0.794 

1850 

'7 

6 

6 

'.354 

352. 9' 7 

0.064 

353. 729 

0.812 

309 

p  Orionis  .... 

'755 

3 

6 

I 

'7.5'5 

4-  345.919 

+  0.  158 

-f  345.840 

+  0. 079 

1850 

3 

6 

6 

46.200 

346. 042 

0.  lOI 

345.969 

0.073 

3>o 

8  Geminorum 

'755 

4 

6 

I 

21.079 

-f  366.4" 

-f  0. 140 

+  366.617 

—  0.206 

1850 

3 

6 

7 

9.220 

366.506 

0.060 

366.717 

0. 211 

311       9  Geminorum 

'755 

5 

6 

2 

1. 981 

-f  365.916 

+  0. 135 

+  365. 984 

—  0.068 

1850 

3 

6 

7 

49. 650 

366.006 

0.056 

366.079 

0.073 

■112      10  CJeminorum 

'755 

4 

6 

3 

58.751 

+  365.454 

-f   0.  lOI 

+  365.627 

—  0.173 

1850 

3 

6 

9 

45. 976 

365. 5'3 

0.023 

365. 697 

0.184 

313 

II  Geminorum 

'755 

3 

6* 

4 

24.316 

+  365. 352 

-f-  0. 106 

+  365. 259 

-f  0.093 

1850 

3 

6 

10 

"437 

365.416 

0.028 

365. 324 

0.092 

3"4 

12  Geminorum      .     . 

'755 

- 

. 

- 

- 

. 

-f   0. Ill 

+  364.  7'9 

. 

• 

1850 

• 

6 

10 

'5.7 

. 

0.033 

364.  778 

. 

315 

fi  Geminorum 

1755 

5 

6 

8 

8. 100 

+  363. 162 

-1-  0.040 

+  362.679 

4-  0.483 

—0.008 

1850 

498 

6 

'3 

53.'" 

363. 166 

—  0  032 

362. 691 

0.475 

1900 

- 

6 

16 

54. 688 

363.  '4' 

0.070 

362. 674 

0.467 

316 

Lai.  12 148  .     .     . 

'755 

• 

• 

•          • 

- 

. 

+  349. 586 

... 

1850 

- 

6 

'4 

5.' 

. 

+  0.017 

349. 626 

. 

3'7 

14  Geminorum 

'755 

4 

6 

II 

0.447 

■\-  360.  126 

+  0.024 

+  360. 3 '4 

—  0.188 

1850 

3 

6 

16 

42.  567 

360.115 

—  0.049 

360.308 

0.193 

318 

15  Geminorum(2dstar) 

'755 

4 

6 

'3 

10.  304 

+  357.  732 

0.000 

+  358.030 

—  0.298 

1850 

'5 

6 

18 

50.  '39 

357.699 

—  0.070 

358. 001 

0.302 

3>9 

48  Aurigx .... 

'755 

*          • 

6 

1 

12 

48. 974 

+  385.  893 

—  0.071 

+  386. 035 

—  0.142 

1850 

'3 

6 

18 

55. 524 

385.  776 

0. 176 

385. 920 

0.144 

320 

16  Gemiaorum 

'755 

5 

6 

'3 

22.  233 

+  356. 987 

-f  0.005 

+  357.  240 

—  0. 253 

1850 

5 

6 

'9 

1.362 

356. 959 

—  0.063 

357.210 

0.251 

321 

V  Geminorum      .     . 

'755 

5 

6 

'4 

24.816 

-f  356. 380 

—  0.013 

+  356.489 

—  0.109 

1850 

55 

6 

20 

3.36' 

356. 338 

0.075 

356.448 

0.  no 
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DECLINATIONS. 


1 

No. 

Star. 

1' 

1 
1 

1 

Declination. 

1 

1 

Centennial 
variation. 

Secular    1 
variation. 

I 

Struve's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

1 
0     '        " 

// 

// 

// 

// 

// 

302 

5  Geminorum      .     . 

7.0 

1755 

+  24  26  52.83 

+ 

24.06 

—  53. 65 

+ 

30.51 

-6.45 

6.7 

1850 

24  26  51.48 

— 

26.91 

53.66 

— 

20.47 

6.44 

303 

68  Ononis  .... 

6.0 

1755 

+  19  49  12.  13 

+ 

19-43 

—  52.06 

+ 

21.82 

—  2.39 

6.0 

1850 

19  49     7. 07 

— 

30.05 

52.  II 

— 

27.45 

2.60 

304 

6  Geminorum      .     . 

6.5 

1755 

-1-  22  56  16.39 

+ 

22.23 

—  53." 

+ 

22.18 

+  0.05 

1 

6.7 

1850 

22  56  13.58 

— 

28.21 

53.08 

28.22 

o.oi 

305 

/*  Orionis  .... 

6.0 

1755 

+  16    9  40.  26 

+ 

16.  71 

—  50.41 

+ 

18.  II 

—  1.40 

5-7 

1850 

>6    9  33-39 

— 

31.18 

50.41 

— 

29.80 

1.38 

306 

K  Aurigx  .... 

4.0 

1755 

+  29  33  40.  92 

■ 

25-94 

—  55-  70 

+ 

2.06 

—28.00 

4.7 

1850 

29  32  51-  >5 

78.84 

55.67 

— 

50.91 

27.93 

307 

7  Geminorum      .     . 

4.5 

1755 

+  22  33    8.01 



2.31 

—  52. 83 

— 

0.78 

—  1.53 

3.3 

1850 

22  32  41.99 

52-54 

52.92 

50.95 

1.59 

308 

71  Orionis  .... 

5-5 

1755 

+  19  12  55.49 

25.30 

-51.52 

— 

3.78 

—21.52 

6.0 

1850 

19    12      8.2! 

74-30 

51.66 

52.70 

21.60 

309 

/«  Orionis  .... 

6.0 

1 755 

+    16    II    37.31 

— 

12.42 

—  50.47 

— 

II. 3» 

I.  II 

5-7 

1850 

16    II      2.  75 

60.35 

50.44 

• 

59.25 

1. 10 

310 

8  Geminorum 

7.0 

1755 

-f    24      I    26.02 

— 

15.77 

—  53.42 

11.83 

—  3.94 

6.5 

1850 

24    0  46. 95 

66.50 

53.38 

■ 

62.56 

3-94 

3" 

9  Geminorum      .     . 

7.0 

>755 

+  23  47  51-59 

18.92 

53.36 

17.80 

—  1. 12 

•6.3 

1850 

23  47    9-  55 

69.59 

53.32 

68.49 

1. 10 

312 

10  Geminorum      .     . 

7.5 

1755 

+  23  40  19.99 

41.  26 

—  53-  26 

34.84 

—  6.42 

7.0 

1850 

23  39  16.  79 

91.78 

53.11 

85.45 

6.33 

313 

II  Geminorum      .     . 

7.0 

1755 

+  23  32  23. 40 

37.91 

-  53. 28 

38.56 

+  0.65 

7.3 

1850 

23  31  23.41 

88.51 

53.23 

89.15 

0.64 

314 

12  Geminorum 

8.0 

1755 
1850 



—  53. 41 
53.36 

39.18 
89.78 

A  «»       V^\»AI'l  itA\^l   Uft&A                •              • 

7.5 

+  23  19  47.  2 

- 

. 

. 

3»5 

/I  Geminorum      .     . 

3-0 

1755 

+  22  36  49. 96 

— 

83.22 

—  53. 07 

71. 16 

— 12.06 

—  0.08 

3.0 

1850 

22  35    6.97 

133- 58 

52.93 

121.44 

12. 14 

1900 

22  33  S3'  58 

160.02 

52.85 

147. 84 

12.18 

316 

1^1.  12148  .     .     . 

. 

1755 

-f  17  40    6.47 

— 

74.85 

—  50. 93 

74.85 

0.00 

7.0 

1850 

17  3«  32.37 

123. 22 

50.85 

123. 22 

0.00 

317 

14  Geminorum      .     . 

7.5 

1755 

-f  21  45  19.68 

99.12 

—  52.40 

— 

96.33 

—  2.79 

7.2 

1850 

21  43  21.88 

148.86 

52.30 

146.  II 

2.75 

318 

15  Geminorum(2dstar) 

6.0 

1755 

4-  20  54  52.06 

— 

1 19. 96 

—  52.01 

115.25 

—  4.71 

7.0 

1850 

20  52  34. 65 

169.31 

51.89 

164. 65 

4.66 

319 

48  Aurigx  .... 

6.0 

1755 

+  30  37    2. 45 

114.99 

—  56. 14 

112. 12 

—  2.87 

5-7 

1850 

30  34  47. 90 

168.25 

55-99 

1 

165. 42 

2.83 

320 

16  Geminorum      .     . 

6.0 

1755 

-f  20  37    7. 89 

117.58 

—  51-90 

117.00 

!     —  0.  58 

6.8 

1850 

20  34  52.  79 

166.83 

5».78 

166.29 

0.54 

321 

V  Geminorum     .     . 

5.0 

1755 

-f  20  20  31.93 

128. 14 

—  52.00 

— 

126. 10 

—  2.04 

4.7 

1850 

20  18    6.  76 

I 

177.45 

51.80 

175.30 

2.  IS 

2IO 
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RIGHT  ASCENSIONS. 


No. 

Star. 

Epoch. 

Number  of 
observations. 

Right  ascension. 

Centennial 
variation. 

1 

1 

Secular 
variation. 

s. 

Struve's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

h. 

w. 

s. 

J. 

s. 

J. 

J. 

322 

a     rgus    .... 

1850 

- 

6 

20 

37.48 

+   132.99 

+  0. 10 

+  132. 90 

4-  0.09 

1875 

- 

6 

21 

10.73 

133.02 

0. 10 

132. 93 

0.09 

1900 

6 

21 

43.99 

133.05 

0. 10 

132.96 

0.09 

323 

19  Geminorum      .     . 

1755 

5 

6 

17 

31.  743 

+  345.321 

—  O.OIO 

+  345. 368 

—  0.047 

1850 

4 

6 

22 

59.  785 

345.  285 

0.066 

345. 335 

0.048 

324 

20  Geminorum      .     . 

1755 

5 

6 

17 

59.571 

+  350.468 

—  0.027 

+  350. 139 

+  0. 329 

- 

1850 

3 

6 

23 

32.494 

350. 4' 5 

0.085. 

350. 085 

0.330 

325 

21  Geminorum      .     . 

1755 

2 

6 

18 

0.471 

+  350.358 

—  0.024 

+  350. 150 

4-  0.208 

1850 

3 

6 

23 

33.290 

• 

350. 307 

0.084 

350. 097 

0. 211 

326 

49  Aurigae .... 

«755 

5 

6 

19 

45.769 

+  378.397 

—  0. 160 

+  378.413 

—  0.016 

1 

1850 

15 

6 

25 

45.160 

378. 201 

0.252 

378.222 

0.021 

327 

22  Geminorum      .     . 

1755 

3 

6 

20 

11.579 

+  354. 256 

—  0.067 

+  354-422 

—  0. 166 

1850 

3 

6 

25 

48. 083 

354. 162 

0. 131 

354.327 

0. 165 

328 

23  Geminorum      .     . 

1755 

3 

6 

21 

50.665 

+  347. 674 

~  0.064 

+  347.631 

+  0.043 

1850 

6 

6 

27 

20.918 

347. 587 

0.  121 

347. 548 

1       0. 039 

329 

51  (H)Cephei      .     . 

1755 

- 

5 

39 

27.33 

+3091.  51 

4-103.66 

+3097. 40 

-5.89 

1775 

- 

5 

49 

47.43 

3106.84 

+   49.94 

3"3.o3 

6. 19 

1800 

- 

6 

2 

45.07 

3110.80 

—    18.22 

,      3117.35 

6.55 

1825 

- 

6 

15 

41.55 

3097.  79 

85.76 

3104.64 

6.85 

1850 

- 

6 

28 

32.65" 

3068. 16 

150.40 

3075. 27 

7.  II 

1875 

- 

6 

41 

H.35 

3022. 99 

210.09 

'      3030. 33 

7.34 

1900 

6 

53 

42.95 

+2963. 67 

—263.  18 

+2971.20 

—  7.53 

• 

330 

53  Aurigrc.     .      .     . 

1755 

4 

6 

22 

50. 332 

+  381.037 

—  0.221 

'  -f  381.284 

'  —  0. 247 

1850 

3 

6 

28 

52.  203 

380.  781 

0.317 

381.030 

0.249 

331 

y  (jeminorum 

1755 

10 

6 

23 

33.234 

+  346.891 

—  0.078 

-f  346.621 

4-  0.270 

— O.OOI 

1850 

426 

6 

29 

2.737 

346.  790 

0.133 

346. 525 

0.265 

1900 

- 

6 

31 

56. 1 14 

346.  715 

0.  164 

346. 453 

0.262 

332 

54  Aurigae .... 

1755 

5 

6 

24 

5.718 

+  378.845 

—  0.  232 

+  379.082 

i  —  0. 237 

• 

1850 

13 

'    6 

30 

5.501 

'        378. 580 

0.326 

i        378. 822 

0.242 

333 

25  Geminorum 

«755 

5 

6 

25 

53. 849 

+  378.  772 

—  0. 254 

+  378. 850 

—  0. 078 

1 
1 

1850 

7 

6 

1 

i 

3« 

53- 554 

378. 486 

0.348 

378.  565 

0.079 

334 

26  Geminorum 

1755 

s 

6 

28 

7.951 

i  +  349.  790 

—  0. 147 

+  349.  774 

4-  0.016 

1850 

12 

1 

6 

33 

40. 1 76 

349. 623 

0.206 

349.611 

1        0. 014 

1 

335 

e  Geminorum 

!  1755 

5 

6 

28 

50.942 

+  369.  755 

-  0. 254 

4-  369.864 

—  0.  109 

1850 

93 

6 

34 

42.084 

;      369. 476 

0.335 

369.586 

0. 112 

336 

28  Geminorum 

1755 

5 

6 

29 

13. 181 

-|-  381.061 

—  0. 325 

+  381. 124 

1 

j        0.063 

;   1850 

9 

6 

35 

15.028 

i       380. 707 

0.421 

380.  772 

0.065 

337 

a  Canis  Majoris  . 

'   1755 

•    0 

;   6 

34 

21. 105 

+  264.453 

—  0. 059 

+  268.073 

—  3.620 

—0.086 

i  1850 

t 

6 

38 

32. 307 

264. 392 

0.069 

268.094 

3.702 

'  1900 

a                    « 

6 

40 

44.494 

264. 356 

0.073 

268. 102 

3.746 

1 

338 

33  Geminorum      .     . 

1755 

I 

I 

i 
6 

35 

43.319 

+  345.822 

—  0. 196 

4-  346.028 

—  0.206 

1850 

8 

6 

41 

11.753 

345.610 

0.250 

345. 820 

0.210 
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DECLINATIONS. 


No. 

Stor. 

Mag. 

1 

Epoch. 

Declination. 

Centennial 
variation. 

Secular 
variation. 

// 

Struve's 
precession. 

Proper 
motion. 

Secvar. 

of  proper 

motion. 

0     /        II 

.'/ 

// 

// 

II 

322 

a  Argus    .... 

0.4 

1850 

52  36  55. 39 

—  '79-35 

—  19.25 

—  180.24 

4-  0.89 

1875 

52  37  40. 83 

184. 16 

19.25 

185.06 

0.90 

1900 

52  38  27.48 

188.97 

19.25 

189.87 

0.90 

323 

19  Geminorum      .     . 

6.5 

'755 

4-  16    3    2.36 

-  '55.3' 

—  50. 16 

—  '53.32 

—  1.99 

6.6  1 

1850 

16    0  12.20 

202. 90 

50.02 

200.90 

2.00 

324 

20  "Geminorum      .     . 

8.0 

"755 

-h  17  55  39.61 

-  156.11 

—  50. 95 

—  '57.36 

4-  1.25 

6.3 

1850 

'7  52  48.33 

204. 45 

50.81 

205.64 

1. 19 

325 

21  Geminorum      .     . 

7.0 

1755 

+  '7  55  55-53 

— .  154.60 

—  50. 92 

—  '57.49 

4-  2.89 

6.5 

[850 

'7  53    5.70 

202.90 

• 

50.78 

205.  74 

2.84 

326 

49  Aurigse .... 

6.0 

»755 

+  28  II  13  18 

—  175.82 

—  54. 92 

—  172.81 

—  3-01 

5.7 

i8$o 

28    8    1.40 

227.90 

54.72 

224.90 

3.00 

327     22  Geminorum      .     . 

7.5 

1755 

• 

+  '9  35  32. 63 

—  176.79 

-  5'.  38 

—  176.56 

—  0.23 

7.2 

1850 

19  32  21.53 

225.52 

51.22 

225.34 

0.18 

1 

328     23  Geminorum      .     . 

8.0 

1755 

4.  16  58  14.57 

—  193.95 

—  50.4' 

—  190.96 

—  2.99 

1 

• 

7.1 

1850 

16  54  47. 60 

241.  76 

50.25 

238.  77 

2.99 

329     51  (H)Cephei      . 

.     .  i 

'755 

87  '5  59.39 

+  174.55 

—448.40 

• 

4-  179.62 

—  5.07 

: 

»775 

87  16  25. 15 

-h    84.45 

45'.  92 

+    89.35 

4.90 

i 

1800 

87  16  32. 16 

-    28.75 

452. 81 

—    24.08 

4-67 

1 
; 

1 

[825 

87  16  10.85 

141.66 

449-79 

m-  24 

4.42 

5-3  ' 

1850 

87  15  21.41 

253. 32 

442.99 

249.15 

4.17 

) 

' 

1875 

87  '4    4.35 

362. 82 

432. 67 

358. 91 

39' 

1900 

87  12  20.24 

469.33 

—419.26 

—  465. 69 

-3.64 

330     53  Aurigac .... 

7.5 

1755  ' 

4-  29  10    2.85 

—  201.94 

-  55.  '9 

—  199.62 

—  2.32 

6.0 

[850 

29    6  26. 16 

254.21 

54.86 

251.96 

2.25 

331       y  Geminorum      .     . 

3.0 

'755 

4-  16  35    2.90 

—  210.50 

—  50. 37 

—  205.80 

—  4.70 

—  0.05 

2.3    i 

1850 

16  31  20.22 

258. 25 

50.15 

253. 50 

4-75 

1 

1900 

16  29    4.84 

283. 29 

50.03 

278. 52 

4.77 

332     54  Auri£3e  .... 

6.0 

'755 

4-  28  27  12.  77 

—  214.60 

—  54.84 

—  210.56 

—  4.04 

6.0  ' 

1850 

28  23  24. 19 

266.58 

54.60 

262.57 

4.01 

333     25  Geminorum 

7.0 

'755 

4-  28  23  47. 03 

—  226.97 

—  54.79 

—  226.24 

—  0.73 

6.5 

1850 

28  19  46.  72 

278.91 

54.55 

278. 20 

0.71 

334     26  Geminorum 

5.5 

'755 

4-  '7  5'  38-56 

-  255.  75 

—  50. 65 

-  245. 67 

—10.08 

1 
1 

5.7 

i8$o 

17  47  12.75 

303.  78 

50.46 

293-  56 

10.22 

335        e  Geminorum 

3.0 

'755 

4-  25  16  27. 38 

-  253. 08 

-  53. 57 

-  251.87 

4-  1. 21 

3.3  1 

1850 

25  20  51.96 

303.86 

53.33 

302. 52 

'-34 

336     28  Geminorum 

6.0 

1 

'755 

4-  29  If  31.67 

—  258. 24 

-  55.02 

—  255. 12 

—  3- '2 

6.0 

1850 

29    7    1. 56 

310.38 

54.74 

307. 28 

3.'o 

337       «  Canis  Majoris  -     . 

I.O 

'755 

—  '6  23  53.31 

—  420. 92 

-  37. 56 

—  299.62 

—121.30 

I.O 

1850 

16  30  51.  II 

456. 54 

37.44 

335-  67 

120. 87 

1900 

16  34  44. 06 

475.24 

37.37 

354-58 

120.66 

338     33  Geminorum      .     . 

6.0  : 

1755 

4-  16  27  23. 22 

—  3'0.  '4 

—  49. 67 

—  3".47 

-f  1.33 

1 
1 

6.0 

1850 

16  22    6.21 

357. 20 

49.42 

358-  58 

1.38 
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STANDARD   CLOCK    AND   ZODIACAL   STARS. 


RIGHT   ASCKNSIONS. 


1 
No.   ' 

f 

i 

Star. 

• 

Vn.       (A 

0    c 

Is 

-     J) 

Right  ascension. 
h.    tfl.          s. 

Centennial 
variation. 

s. 

Secular 
variation. 

J. 

Struve's 
precession. 

s. 

r»                 Sec.  var. 
Proper 

of  proiier 
motion. 

1    motion. 

1 

1 
s.                   s. 

'    339 

(i  Geminorum      .     . 

»755 

5 

6 

36 

5>-365 

+  360.348 

—  0.  307 

+  360.409 

—  0.061 

1850 

7 

• 

6 

42 

33-  547 

360. 025 

0.374 

360.092 

0.067 

340 

37  Ceminorum      .     . 

1755 

5 

6 

40 

13.831 

-f  369.966 

—  0.414 

4-  370.259 

-  0. 293 

1850 

7 

6 

46 

5.  ICO 

369.  536 

0.493 

369.831 

0.295 1 

341 

39  Ominorum 

i755 

5 

6 

43 

40. 456 

+  370.871 

—  0.466 

-f  372. 129 

—  1.258 

1850 

7 

6 

49 

32.560 

370.  390 

0.546 

371.646 

I  256- 

342 

40  Geminorum 

1755 

5 

6 

44 

>9-  393 

+  37>.522 

—  0.489 

-f  371-649 

—  0. 127 

1850 

7 

6 

50 

12. 106 

371.020 

0.568 

371- 150 

0.130 

343 

41  Geminorum 

»755 

4 

6 

46 

,10.  536 

+  345.418 

—  0.  302 

+  345-551 

—  0. 133 

1850 

3 

6 

51 

38. 539 

345. 106 

0.354 

345-244 

0.138 

344 

e  Canis  Majoris  . 

1755 

5 

6 

49 

0.020 

+  235. 590 

+  0.  138 

-f-  235.564 

4-  0.  C26 

1850 

349 

6 

52 

43- 891 

235. 718 

0.132 

235- 691 

0.027 

1900 

- 

6 

54 

41.  767 

235. 784 

0.  131 

235-  759 

0.025 

345 

u  Geminorum 

1755 

'    5 

6 

47 

28.  157 

+  366. 658 

—  0.490 

+  366.  766 

—  0. 108 

1850 

16 

6 

53 

16.  249 

366. 158 

0.562 

366.266 

0. 108 

346 

\V  6»'  1656  .      .      . 

1850 

- 

6 

54 

29.  7 

. 

—  0.651 

4-  373-  534 

. 

347 

(,  Geminorum 

«755 

5 

6 

49 

33-  754 

-h  356. 880 

—  o.43» 

+  356.903 

—  0. 023 

1850 

195 

6 

55 

12.586 

356. 442 

0.492 

356. 464 

0.022 

348 

44  Cjcminorum 

1755 

5 

6 

50 

32. 452 

+  362.302 

—  0.491 

+  362.345 

—  0. 043 

1850 

8 

6 

56 

16. 407 

361.804 

0.558 

361.849 

0.045 

349 

45  CJeminorum 

»755 

5 

6 

54 

18.260 

+  344.922 

—  0.394 

+  345-014 

—  0.092 

1850 

II 

6 

59 

45-751 

344. 525 

0.442 

344. 628 

0.103 

350 

r  Geminorum 

1755 

5 

6 

55 

31.206 

+  383. 562 

—  0.790 

+  383-  858 

—  0.296 

1850 

23 

7 

I 

35-  220 

382. 769 

0.881 

383-  067 

0.298 

351 

47  (ieminorum      .     . 

1755 

5 

6 

56 

9.953 

+  373-  700 

—  0.684 

+  373.  787 

—  0  087 

1850 

18 

7 

2 

4.647 

373-  o>3 

0.  762 

373.  ICO 

0.087 

352 

ri  Canis  Majoris  . 

1755 

5 

6 

58 

26  028 

4.  243.690 

-I-  0. 116 

+  243.805 

—  0. 115      4-0.003 

1850 

129 

7 

2 

17.586 

243. 801 

0. 118 

243. 9»  5 

0. 114 

1900 

- 

7 

4 

19. 50" 

243.860 

0. 117 

243. 973 

0. 113 

353 

n.  A.  C.  2347  .      . 

»755 

I 

6 

57 

16.864 

+  343-  280 

—  0.400 

+  343.476  , 

—  0. 196 

1850 

3 

7 

2 

42.  792 

342. 877 

0.447 

343-057 

0.180 

354 

48  Cieininorum 

1755 

5 

6 

57 

3>-97o 

+  365-960 

—  0.620 

1 

4-  366.081 

—  0. 121 

1850 

«5 

7 

3 

»9. 342 

365. 338 

0.690 

365-463 

0. 125 

355 

49  Ceminorum 

1755 

3 

6 

57 

44. 032 

+  370-437 

—  0. 674 

4-  370. 550 

—  0. 113 

1850 

6 

7 

3 

35- 632 

369.  762 

0.748 

369.883 

0. 121 

356 

50  (ieminorum 

1755 

•                       a 

6 

58 

49. 137 

+  343-015 

—  0.404 

4-  343-  034 : 

—  0.019 

1850 

3 

7 

4 

14.812 

342.609 

0.451 

342.626 

0. 01 7 

357 

51  (ieminorum      .      . 

«755 

4 

6 

59 

'7445 

+  345-350 

—  0. 438 

4-  345-425 

—  0. 075 

1850 

71 

7 

4 

45. 323  • 

344.911 

0.4S6 

344.990 

0.079 

358 

B.  A.  C.  2363  .     . 

1755 

1 

6 

59 

28. 828 

4-  367-061 

—  0.658 

4-  367. 583 

—  0.522 

1850 

9 

7 

5 

1 7.  228 

366. 404 

0.727 

366.911  ^ 

0.507 

1 
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DKCLINATIONS. 


—         — 

— -    —   — 

— 

Xo. 

Star. 

• 

I 

1 

)eclination. 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

,.                 Sec.  var. 
rroi)er         , 

of  proper 
motion. 

motion. 

^      /        // 

II 

II 

II 

//                  ,/      ' 

339 

//  (leminorum      .     . 

6.5 

'755 

+ 

22     I  31.53 

—  326.  25 

—  5'.  74 

—  321.28 

—  4.97 

6.0 

1850 

21  55  58.30 

375-  26 

5'. 45 

370.3" 

4.95 

340 

37  (jeminorum      .     . 

6.0 

'755 

+  25  39  25. 48 

-  350. 55 

-  52.95 

350.4' 

—  0. 14 

6.3     « 

[850 

25  33  28.61 

400.69 

52.61 

400.59 

0.  10 

341 

39  (leminorum 

6.5 

1755 

+ 

26  22  40.56 

—  373-  '5 

-  52.  78 

—  380.06 

+  6.91 

6.3 

1850 

26  16  22.31 

423. 1 1 

52.41 

430.  19 

7.08 

342 

40  (ieminorum 

6.5 

'755 

-f 

26  13  17.91 

—  388. 46 

-  53.00 

-  385. 63 

-  2.83 

6.3 

1850 

26    6  45.02 

438.63 

52.63 

435. 8' 

2.82 

343 

41  (leminorum 

7.0 

J  755 

+ 

16  23  36.31 

—  401.  73 

—  49.  '8 

—  401.53 

—  0.20 

6.0 

1850 

16  16  52.  53 

448.30 

.8.86 

448. 12 

0.18 

344 

e  Canis  Majoris  . 

2.5 

»755 

28  39  '5.  70 

—  427.01 

—  33-4' 

425.  73 

—  1.28            0.00 

1.8 

1850 

28  46  16.42 

458.69 

33-27 

457.4' 

1.28 

1900 

28  50    9.92 

475.3' 

33.21 

474. 03 

1.28 

345 

<j  (iemiiiorum      .     . 

6.0 

'755 

+  24  32  24. 26 

—  414.66 

-  52*27 

-  412.60 

—  2.06 

5-7     1 

[850 

24  25  26.82 

464.14 

51.92 

462.00 

2.14 

346 

\V  6»'  1656  .      .      . 

8.2 

1850 

+ 

27    3    3-9 

. 

—  52.  76 

—  472. 42 

. 

347 

C  Oeminorum      .     - 

4.0 

1755 

-f 

20  54  20.90 

—  432. 33 

-  50.  78 

-   430.54 

—  1.79 

4.0 

1850 

20  47    7.  36 

480.34 

50.33 

478.  50 

1.84 

348 

44  Cieminorum 

6.5 

1 755 

+ 

22  58  46.  56 

—  440. 49 

-  5'. 38 

438.90 

-  '59 

6.0 

[850 

22  5'  24.95 

489. 16 

50.98 

487. 53 

1.63 

349 

45  Geminorum 

6.0 

'755 

-f 

16  17  55.79 

—  482. 32 

—  48.69 

—  470. 99 

—".33 

.    5-7 

1 

1850 

16    9  55.67 

528. 40 

48.32 

517.09 

II. 31 

350 

r  (ieminorum      .      . 

5.0 

'755 

+ 

30  37  15.08 

—  486.  78 

—  54. 07 

—  481.33 

-  5.45 

4.7 

1850 

30  29    8. 32 

537.9' 

53.56 

532. 50 

5.41 

35' 

47  (ieminorum 

6.0 

'755 

+ 

27  14    3.02 

491.63 

-  52.  75 

—  486. 82 

—  4. 81 

6.0     1 

[850 

27    5  52.24 

541.52 

52.25 

536. 63 

4.89 

352 

fJ  Canis  Majoris  . 

. 

'755 

— 

26    I  15.07 

—  505- '7 

-  34.  '5 

—  506. 10 

-f-  0.93            0.00 

2.1     1 

[850 

26    9  30. 36 

537. 53 

33.97 

538. 46 

0.93 

[900 

26  14    3-37 

554. 49 

33.89 

555. 42 

0.93 

353 

H.  A.  C.  2347  .      . 

•         « 

'755 

4- 

15  42  46.01 

—  500.28 

-  48.29 

—  496.21 

—  4.07 

7.3 

1850 

- 

15  34  29.02 

545. 97 

47.90 

542.00 

3  97 

354 

48  (leminorum      .     . 

6.0 

'755 

-f  24  30  48.  75 

-  503-  '5 

—  51.63 

—  498. 42 

4.73 

6.0 

1850 

24  22  27.  55 

55'-97 

51.  16 

547. 12 

4.85 

355 

49  ( ieminorum 

8.0 

'755 

+ 

26    8    0. 01 

—  504.68 

—  52. 10 

—  500. 14 

—  4.54 

7.2 

[850 

25  59  37.  '3 

553- 95 

51.62 

549. 39 

4.56 

356 

50  Ceminorum 

7.5 

'755 

+ 

'5  33  55.03 

—  508.  79 

—  48. 13 

—  509  28 

-f  0.49 

7.5 

1850 

15  25  30.00 

554.37 

47.79 

554.95 

0.58 

357 

51  Ceminorum 

5.0 

'755 

+ 

16  33    4.80 

—  517.93 

—  48. 47 

-  5'3.28 

—  4. 65 

5-7 

1850 

16  24  30. 95 

563-  79 

48.07 

559- '9 

4.60  1 

358 

n.  A.  C.  2363  .     . 

'755 
1850 

• 

—  5'.  46 
5^^.99 

—  514.91 
563. 40 

1 

7.3 

+  24  57  40.8 

. 

• 
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RKIHT   ASCKNSIONS. 


1 

1 

No.   ' 

Star. 

• 

Number  of 

observations. 

1 

Right  ascension. 
/I.    m.        s. 

Centennial 
variation. 

s. 

Secular 
variation. 

s. 

Struve's 
precession. 

J. 

r»                 Sec.  var. 
Proper 

of  proiier 
motion. 

,    motion. 

1 

1 

s,        1               J. 

!    339 

ti  Geminorum      .     . 

«755 

5 

6 

36 

5>-365 

+  360.348 

—  0. 307 

-f  360.409 

—  0.061 

1850 

7 

6 

42 

33.  547 

360. 025 

0.374 

360.092 

0.067 

340 

37  C'eminorum 

«755 

5 

6 

40 

13.831 

-f  369.966 

—  0.414 

-f  370.259 

-  0.  293 

1850 

7 

6 

46 

5.  ICO 

369.  536 

0.493 

369.831 

0.295  , 

'    341 

39  Oeminorum 

1755 

5 

6 

43 

40. 456 

+  370.871 

—  0.466 

+  372. 129 

—   1.258 

1850 

7 

6 

49 

32.560 

370.  390 

0.546 

371.646 

I  256- 

342 

40  Geminorum 

1755 

5 

6 

44 

19-  393 

-f  371.522 

—  0.489 

-f  371.649 

—  0.  127 

1850 

7 

6 

50 

12. 106 

371.020 

0.568 

VJ^'  «5o 

0.130 

343 

41  Geminorum 

1755 

4 

6 

46 

,10.536 

+  345.418 

—  0. 302 

+  345.551 

—  0.  133 

1850 

3 

6 

51 

38. 539 

345.  »o6 

0.354 

345. 244 

0.138 

344 

e  Canis  Majoris  . 

1755 

5 

6 

49 

0.020 

+  235. 590 

+  0. 138 

-f-  235. 564 

4-  O.C26 

1850 

349 

6 

52 

43- 891 

235.  7»8 

0.132 

235. 691 

0.027 

1900 

«          • 

6 

54 

41.767 

235. 784 

0. 131 

235.  759 

0.025 

345 

u  Geminorum 

1755 

'    5 

6 

47 

28.  157 

+  366. 658 

—  0.490 

+  366.  766 

—  0. 108 

1850 

16 

6 

53 

16.249 

366.  158 

0.  562 

366.266 

0.108 

346 

\V  6h  1656  .      .      - 

1850 

- 

6 

54 

29.  7 

. 

—  0.651 

4-  373.534 

. 

347 

{,  Geminorum 

«755 

5 

0 

49 

Zl'  754 

-h  356. 880 

—  o.43» 

+  356.903 

—  0. 023 

1850 

195 

6 

55 

12.586 

356. 442 

0.492 

356. 464 

0.022 

348 

44  (icminorum 

1755 

5 

6 

50 

32. 452 

+  362.302 

—  0.491 

-f  362.345 

—  0. 043 

1850 

8 

6 

56 

16. 407 

361.804 

0.558 

361.849 

0.045 

349 

45  Geminorum 

»755 

5 

6 

54 

18.260 

+  344.922 

—  0.394 

+  345.014 

—  0.092 

1850 

II 

6 

59 

45.751 

344.  525 

0.442 

344. 628 

0.103 

350 

r  Geminorum 

»755 

5 

6 

55 

31.  206 

+  383.  562 

—  0.790 

+  383. 858 

—  0.296 

1850 

23 

7 

I 

35.  220 

382.  769 

0.881 

383. 067 

0.298 

35 « 

47  C^eminorum 

1755 

5 

6 

56 

9.953 

+  373.  700 

—  0.684 

+  373.  787 

--  0  087 

1850 

18 

7 

2 

4.647 

373- 013 

0.  762 

373.  «oo 

0.087 

352 

r1  Ganis  Majoris  . 

1755 

5 

6 

58 

26. 028 

-f  243.690 

+  0.  116 

-f  243.805 

—  0. 115      -f  0.003 

1850 

129 

7 

2 

17.586 

243. 8oi 

0. 118 

243.915 

0. 114 

1900 

- 

7 

4 

19.  501 

243.860 

0. 117 

243. 973 

0. 113 

353 

r».  A.  G.  2347  .      . 

1755 

I 

6 

57 

16.864 

+  343. 280 

—  0.400 

+  343.476  , 

—  0.  196 

1850 

3 

7 

2 

42.  792 

342. 877 

0.447 

343.057 

0.180 

354 

48  (ieminorum 

1755 

5 

6 

57 

3».97o 

+  365.960 

—  0.620 

4.  366.081 

—  0.  121 

1850 

15 

7 

3 

19.342 

365. 338 

0.690 

365.463 

0. 125 

355 

49  (eminorum 

1755 

3 

6 

57 

44-032 

+  370.437 

—  0.674 

-f  370.  550 

—  0. 113 

1850 

6 

7 

3 

35-  632 

369.  762 

0.748 

369.883 

0.  121 

356 

50  Geminorum 

1 755 

- 

6 

58 

49.  >37 

+  343.015 

—  0.404 

+  343-  034  ; 

—  0.019 

1850 

3 

7 

4 

14.812 

342.609 

0.451 

342.626 

0.017 

•                                                           * 

357 

51  (ieminorum 

1 755 

4 

6 

59 

17.445 

+  345-  350 

—  0. 438 

+  345.425 

0.075 

1850 

71 

7 

4 

45. 323  • 

344.911 

0.4S6 

344.990 

0.079 

358 

B.  A,  C.  2363  .     . 

1755 

1 

6 

59 

28. 828 

4-  367.061 

—  0.658 

+  367. 583 

—   0.522 

1850 

9 

7 

5 

17.228 

366.404 

0.727 

366.911  ; 

0.  507 

1 
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DKCLLNATIONS. 


No. 

Star. 

"S 

?• 

1 
Epoch. 

1 

Declination. 

1 
0     '        II 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

// 

,v                 Sec.  var. 
Proper                        | 

of  proper 
motion. 

motion. 

// 

//                  #/ 

339 

i1  (>eminorum 

6.  5 

1755 

+  22     I  31.53 

—  326. 25 

—  5».74 

—  321.28 

—  4.97 

6.0 

[850 

21  55  58.30 

375.  26 

51.45 

370.31 

4.95 

340 

37  Geminorum 

6.0 

1755 

-f  25  39  25. 48 

-  350. 55 

-  52.95 

-  350. 41 

—  0. 14 

6.3     1 

850 

25  33  28.61 

400.69 

52.61 

400.59 

0.  10 

341 

39  Geminorum 

6.5 

»755 

4-  26  22  40.  56 

373.  >5 

-  52.  78 

—  380. 06 

-f  6.91 

6.3     1 

1850 

26  16  22.31 

423." 

52.41 

430. 19 

7.08 

342 

40  Geminorum 

6.5 

'755 

-f  26  13  17.91 

—  388. 46 

-  53.00 

-  385. 63 

-2.83 

6.3 

1850 

26    6  45.02 

438.63. 

52.63 

435.81 

2.82 

343 

41  Cieminorum      .      . 

7.0 

'755 

+  16  23  36.31 

—  401.73 

—  49. 18 

—  401.53 

—  0.20 

6.0 

1850 

16  16  52.  53 

448.30 

<8.86 

448.  12 

0.18 

344 

f  Canis  Majoris  .      . 

2.5 

'755 

—  28  39  15.  70 

—  427.01 

—  33.41 

—  425.  73 

—  1.28            0.00 

1.8 

1850 

28  46  16.42 

458.69 

33.27 

457.41 

1.28 

1900 

28  50    9.92  1 

475.31 

33-21 

474.03 

1.28 

345 

w  Geminorum 

6.0 

'755 

4.  24  32  24. 26 

—  414.66 

-  52*27 

—  412.60 

—  2.06 

5-7     I 

1850 

24  25  26.82 

464. 14 

51.92 

462.00 

2.14 

346 

W  6»'  1656  .     .     . 

8.2 

1850 

+  27    3    3-9 

■         •         •         « 

—  52.  76 

—  472. 42 

. 

347 

C  Geminorum 

4.0     1 

'755 

-f  20  54  20.90 

—  432. 11 

—  50.  78 

-   430.54 

—  1.79 

4.0     1 

[850 

20  47    7. 36 

480.34 

50.33 

478.  50 

1.84 

348 

44  Geminorum      .     . 

6.5     ] 

'755 

-f  22  58  46.56 

440.49 

-  51.38 

—  438. 90 

1.59 

6.0     1 

1850 

22  51  24.95 

489. 16 

50.98 

487. 53 

1.63 

349 

45  Geminorum      .     . 

6.0 

'755 

+  16  17  55.79 

—  482. 32 

-48.69 

—  470. 99 

— n.33 

5;  7 

1850 

16    9  55.67 

528. 40 

48.32 

517.09 

11.31 

350 

r  Geminorum 

5.0 

'755 

+  30  37  >5-o8 

—  486.  78 

—  54. 07 

-  481.33 

-  5.45 

4.7     1 

1850 

30  29    8. 32 

537. 9> 

53.56 

532.  50 

5.41 

35 1 

47  Geminorum 

6.0     1 

'755 

+  27  14    3.02 

491.63 

—  52.  75 

—  486. 82 

—  4.81 

6.0     1 

[850 

27    5  52.24 

54>.  52 

52.25 

536. 63 

4.89 

352 

cl  Canis  Majoris  . 

. 

'755 

—  26    I  15.07 

-  505.17 

—  34. 15 

—  506. 10 

1 

4-  0.93          0.00 

2. 1      1 

1850 

26    9  30.36 

537.  53 

33.97 

538. 46 

0.93 

1900 

26  14    3-37 

554. 49 

33.89 

555. 42 

0.93 

353 

B.  A.  C.  2347  .     . 

. 

'755 

4-  15  42  46.01 

—  500.28 

-  48.29 

—  496.21 

—  4.07 

7.3     ] 

1850 

>5  34  29.02 

545.97 

47.90 

542.00 

3  97 

354 

48  Geminorum 

6.0     1 

'755 

+  24  30  48.  75 

—  503. 15 

—  51.63 

—  498.42 

—  4.  n 

6.0 

1850 

24  22  27. 55 

55».97 

51. 16 

547. 12 

4.85 

355 

49  Geminorum 

8.0 

'755 

+  26    8    o.oi 

—  504.68 

—  52. 10 

—  500. 14 

—  4.54 

■ 

7.2     1 

1850 

25  59  37. 13 

553- 95 

51.62 

549.  39    ; 

4.56 

356 

50  Geminorum      .     .   ' 

7-5 

'755 

+  15  33  55.03  , 

—  508.  79 

—  48. 13 

—  509  28  i 

1 
4-  0.49 

1 

7.5 

[850 

15  25  30.00 

554. 37 

47.79 

554.95 

0.58  : 

357 

51  Geminorum      .     . 

5.0 

'755 

4.  16  33    4.80 

—  517.93 

—  48. 47 

-.513.28 

-4.65  ; 

1 

5-7 

[850 

16  24  30. 95 

563.  79 

48.07 

559. 19 

4.60  j 

358 

B.  A.  C.  2363  .     . 

1755 
1850 

• 

-  5'.  46 
50.99 

—  514.91 
563. 40 

t 

7.3 

4.  24  57  40.8 

. 

• 
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RIGHT  ASCENSIONS. 


! 

No. 

1 

1 

Star. 

359 

52  Geminorum 

360 

53  Geminorum 

361 

^  Geminorum 

362 

6  Geminoru  n 

363 

56  Geminorum 

364 

A  Geminorum 

36s 

58  Geminorum 

366 

Piazzi  VH  67  . 

367 

59  Geminorum 

368 

I  Geminorum 

369 

61  Geminorum 

370 

63  Geminorum 

371 

^'  Geminorum 

372 

d'  (jeminorum 

373 

B.  A.  C.  2472  . 

374 

W7»'685    .     . 

375 

67  Geminorum 

376 

Q«  Geminorum 

377 

68  Geminorum 

°  § 
.fl        £  ^     Right  ascension. 


755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

0 

755 
800 

850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

850 

850 

755 
850 

755 
850 

900 

755 
850 


^   o 


4 
15 

5 
10 

5 
86 

5 
619 

5 
II 

5 
6 

•  2 

3 


Centennial        Secular         Slruve's 
variation.       variation.  1  precession. 


Proper 
motion. 


5 
14 

5 

48 

5 
3 

5 
29 

5 
6 

7 
9 


623 

I 

43 


A.    fn, 
6    59 

5 

o 
6 

3 
9 

5 
II 

14 

7 
13 

8 

«4 

^8 

14 

5 

9 

15 
20 

9 
>5 

10 
16 

12 

18 

13 
18 

14 
19 

14 
20 

21 

23 

»9 

24 

18 

25 

28 

19 
25 


s, 
41. 611 

3«-338 

37-  704 
34.857 

59.809 
28. 194 

28.210 
9.646 
9.096 

28. 291 
5.584 

30-944 
19.610 


43-577 
27. 126 

8.40 

55.84 
13.39 
28.93 

17. 146 

>3. 155 

38. 828  , 

24.  294  : 

28.  753  I 
5. 658  . 

10.  394 
49.896  ' 

2.881 
59. 47" 

32.521 
28. 641 

19. 638 
9.4 

25.  779 
51.324 

55.  563 
1.292 

«3.309 

36.343 
2.643 


+  368. 476  ; 
367.  781 

-f  376.  334 
375-553  , 

+  345.908 
345-  423 

+  359.  725 

1 

359. 079 
358.  7> 7 

+  355. 352  i 
354.  729  ' 

+  367.405 
366. 620 

-f  361.984 
361.266 

-f  640.44 

637.09 

633.  H 
628.96 

+  375-  «8i 
374.299 

+  374.627 
373-  710 

-f  354. 969 
354. 298 

+  357.  728 
357.004 

+  375. 840 
374.865 

+  375.341 
374. 373 

-f  374. 243 

+  342.973 
342.379 

+  385. 577 

384. 367 
383.696 

+  343.768 
343.173 


s. 
o.  701  ' 

0.763 

I 

o.  782  i 
0.861  I 

0.490 

0.533 
0.653 

o.  710 

0.739 

0.629 

0.684 

0.792 
0.859 

0.725 
0.787 

7.23 
7.66 

8.12 

8.58 

0.890 
0.967 

0.928 

1.003 

0.680 

0.732 
0.734  I 

o.  791  I 
0.990 

1.063 

0.982 

1.056  ! 

I 
1.070 

I 
0.676  ; 

0.605 
0.645  I 

I 

1.236 

1. 321  I 
".363 

0.606  I 
0.646  I 


s, 

-f  368. 056 
367. 378 

-f  376.510 

375-  733 

-f  346. 207 

345.  722 

+  359.922 
359. 271 
358. 9«o 

+  355- 831 
355. 208 

+  367.960 
367.178 

-f  362.279 
361. 564 

-h  640. 16 
636. 82 
632.88 
628. 73 

+  375. 140 
374. 257 

-f  375. 526 
374.615 

+  355.094 
354. 426 

+  358. 108 
357.389 

+  37*.  149 
375-  »79 

+  375. 520 
374. 555 

-h  374. 466 
+  346. 354 

-h  343- 408 
342.818 

-f  386.899 
385. 692 
385. 023 

-f  343.848 
343.248 


s. 

-f  0.420 

0.403 

—  o.  176 
o.  180 

—  0.299 

0.299 

—  o.  197 
o.  192 

0.193 

—  0.479 
0.479  j 

—  o.  555 

o.  558 

—  o.  295 
0.298 

-f  0.28 
0.27 
0.26 
0.23 

-f  0.041 
0.042 

—  0.899 
0.905 

—  o,  125 

o.  128 

—  0.380 

0.385 

—  0.309 
0.314 

—  o.  179 

o.  182 

—  o.  223 


—.0.435 

0.439 

-  1.322 

1.325 

1.327 

—  0.080 

0.075 

Sec.  var. 

of  proper 

motion. 


s. 


003 
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DECLINATIONS. 


No.                     Star. 

1 

1 

1 

1 

'  Kpoch. 

1 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Struve*s 
precession. 

Proper 
motion. 

5>ec.  var. 

of  proper 

motion. 

1 

0       / 

II 

If 

// 

// 

// 

359  :  52  Geminorum      .     - 

7.0 

1755 

+    25     17      9.51 

—  527.42 

—  51.73 

—  516.71 

—10.  71 

! 
1 

6.3 

1850 

25    8  25.17 

576.40 

5'-4i 

565. 62 

10.78 

360     53  Geminorum     .     . 

6.0 

i755 

-f  28  17  55.07 

-  526.  83 

-  52.  74 

—  524.62 

—  2.21 

6.3 

1850 

28    9  10.87 

576.68 

52.22 

574. 50 

2.18 

361       X  Geminorum     .     . 

4.5 

1755 

+  16  57  34.47 

—  558.  18 

48.37 

—  553- 00 

-5.i8 

I 

1 

4.0 

1850 

16  48  22.44 

603.91  ; 

47.93 

598.70 

5.21 

I 

362       (3  Geminorum      .     . 

3.5 

'755 

+  22  24  33. 97 

—  567.01 

—   50. 16 

-  565. 37 

—  1.64 

3-3 

1850 

22  15  12.75 

614.41 

49.62 

612.  78 

1.63 

1900 

22    9  59-  35 

639. 15 

49.34 

637.52 

—  1.63 

363     56  Geminorum      .     . 

5.5 

»755 

+  20  52  55.  78 

—  584. 19 

—  49. 48 

—  582. 15 

—  2.04 

1 

5.7 

[850 

20  43  18.  53 

630. 98 

49.05 

628. 86 

2. 12 

1 
364      A  Geminorum 

6.0 

1755 

4-  25  29  48.  75 

—  594.58 

-  50.89 

—  590. 95 

—  3.63 

1 
t 

5.7' 

1850 

25  20    1.02 

642.66 

50.34 

639. 10 

3.56 

365     58  Geminorum 

7.0 

'755 

+  23  23  34.86 

—  597.21 

—  50.  15 

592.  71 

-  4.50 

1 

6.3 

[850 

23  13  44-  96 

644.61 

49.63 

640. 14 

4.47 

366           Piazzi  VII67  -     - 

• 

'755 

+  68  55  26. 43 

—  566. 35 

-  89.48 

—  562.64 

-  3.71 

1800 

68  51     2.58 

606. 38 

88.42 

602.66 

3-72 

• 

5-5     i 

[850 

68  45  48.  39 

650. 28 

87.19 

646.  54 

3.74 

1 

1900 

68  40  12.41 

693.54 

85.88 

689.  78 

3.76 

1 
367  '  59  Geminorum     .     . 

6.5     ] 

'755 

+  28    5  10.  75 

—  595.94 

—  52.00 

—  597.41 

+  1.47 

1 

6.9 

1850 

27  55  21.23 

645. 06 

51.42 

646.  50 

1.44 

368        I  Geminorum      .     . 

4.0     1 

'755 

-f  28  15  36.46 

—  616. 35 

51.70 

—  607. 36 

-8.99 

1 

4.0     1 

[850 

28     5  27.  70 

665. 18 

51.  II 

656.31 

8.87 

1 

369     61  Geminorum 

7-5     1 

'755 

+  20  43  25. 67 

—  626. 54 

—  48. 93 

—  624.02 

—  2.52 

! 

6.0     1 

1850 

20  33    8.45 

672. 78 

48.41 

670. 30 

2.48 

370     63  Geminorum 

6.0 

'755 

4.  21  55  21.19 

-  641.77 

—  49.  30  ' 

—  629.80 

—11.97 

i 

5.7     J 

1850 

21  44  49.33 

688. 37 

48.80 

676. 36 

12.01 

371      ^'  Geminorum 

5.5     1 

'755 

-h  28  35  -54.  59 

—  643.  50 

—  51.67 

—  637. 06 

6.44 

! 

5-3     ] 

1850 

28  25  20.04 

692.29 

51.05 

685. 87 

6.42 

372      ^  Geminorum 

5.5     1 

'755 

-f  28  23  48.60 

—  644.05 

-  51.58 

—  641. 16 

-  2.89 

. 

6.3     ■ 

[850 

28  13  13.57 

692.  76 

50.96 

689.90 

2.86 

373  ;        B.  A.  C.  2472  .     . 

8.0     ] 

1850 

-f-  28  13    0.90 

—  701.88 

—  50.86 

—  696.  88 

—  5.00 

374  1        W  T''  685    .     .     . 

6.2     1 

1850 

+  '7  24    4.4 

. 

—  46.  93 

-  711.85 

. 

375     67  Geminorum      .     . 

7.0     1 

1755 

+  16    8  32.36 

682. 92 

—  46.70 

—  681.47 

—  1.45 

7.5     J 

[850 

15  57  22.59 

727.05 

46. 19 

725.  75 

1.30  , 

376      <:'  Geminorum 

. 

'755 

+  32  23  57.98 

—  685.44 

-  52. 48  ■ 

—  677. 37 

-8.07; 

-f  0.20 

1.7     1 

1850 

32  12  43.25 

734. 94 

51.72 

727.06 

7. 88 

! 

[900 

32    6  29. 33 

760.  70 

51.32 

752.92 

7.78 

377     68  Geminorum 

5.0     1 

'755 

+  16  19  53.01 

—  685.  56 

—  46. 93 

—  682. 98 

1 
—  2.58 

1 

t 

1 

5.7     1 

1 

1850 

16    8  40.65 

729. 87 

46.36 

1 

727. 30  1 

1 

2.57 

2J6 
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RIGHT  ASCENSKiNS. 


• 

c* 

No. 

i 

Star. 

• 

Is 

—     -r 

Right  a<<ension. 
h.    m.         s. 

Centennial 
variation. 

s. 

Secular 
variation. 

Slruve's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

/. 

5. 

s. 

37^ 

V  iitrmmnrum 

1755 

5 

7     20 

4/-  >/4 

+  37'.  927 

—  1.038 

+  372.  "4 

—  0. 187 

1850 

42 

7     26 

40  426 

370.910 

1.  105 

371.  105 

0.195 

379 

J   (ieminorum 

'755 

5 

7    25 

'^•433 

'  -f  347.  878 

—  0.  722 

4-  347.988 

—  0.  1 10 

1850 

28 

7    30 

48.584 

347. '72 

0.764 

347.284 

0.  112 

1     3«^> 

n  ^ani'*  Minoris  . 

"755 

7    26 

27.780 

+  3'5.045 

—  0.506 

+  3«9.  701 

-  4  656 

—c\.Qh\ 

i 

1850 

•          " 

7    3« 

26.842 

3'4.  556 

0.525 

319.267 

4.7«i 

■ 

1900 

- 

7    34 

4.054 

3'4-29i 

0.535 

3 '9. 038 

4.747 

'■    3»' 

a  CeminoruiD 

»755 

s 

7    27 

57.693 

+  377.  578 

—  1.250 

+  377.033 

+  0.545 

1 
1 

1 

1850 

5 

7    33 

55.818 

376.  358 

i.3'8 

375. 832 

0.526 

3«2 

f  ^fcminoram 

1755 

5 

7    29 

8.436 

+  368.077 

—  1. 071 

+  368. 287 

—  0.210 

1 

1850 

'3 

7    34 

57-615 

367.026 

1. 141 

367.  233 

0.207 

3«J 

K  Ceniinorum 

«755 

5 

7    29 

37-53' 

-f  364-330 

—  '030 

+  364.  563 

—  0. 233 

1850 

104 

7  35 

23.17' 

363.  323 

1.090 

363.  564 

0.241 

384 

i^  (ieminorum 

»755 

7  30 

'7-274 

+  369.  577 

—  I.  186 

-H  374.327 

—  4.  750 

-f  0.007 

1850 

7  36 

7.828 

368.420 

1.247 

373.  159 

4.739 

1 

19CKJ 

- 

7  39 

II. 881 

367.  789 

1.278 

372.  525 

4.736 

, 

J85 

79  (fetiiinoruni 

<755 

I 

7  30 

45.119 

+  353.677 

—  0.864 

-f-  354. 077 

--  0.400 

' 

1 

1 

1850 

6 

7  36 

20.  7'4 

352.  834 

0.910 

3^-  233 

0.399 

i 
1 

386 

^-^  (icminorum 

1755 

5 

7    3« 

54.863 

-f  349.055 

—  0.816 

-h  349.606 

-  0.551 

1850 

32 

7    37 

26.092 

348.  262 

0.855 

348.813 

0.551 

3«7 

82  (icminorum 

1755 

5 

7    33 

52. 920 

-f  360.671 

—  1. 013 

+  360.917 

—  0.246 

1 
1 

1850 

II 

7    39 

35.093 

359. 685 

1.063 

359. 935 

0.250 

3«« 

84  (icminorum 

1755 

2 

7    38 

26.091 

+  358.438 

—  1.028 

4-  358.473 

—  0. 035 

1 

1850 

7 

7    44 

6.136 

357.440 

1.074 

357.480 

0.040 

! 

389 

.0  Geminorum 

'755 

5 

7    38 

27.  370 

-f  369.  709 

—  I.  240 

+  369.971 

—  0.262 

—O.OOI 

1850 

118 

7    44 

18. 626 

368. 505 

1.295 

368.765 

0.260 

■ 

1900 

- 

7    47 

22.  716 

367.851 

1.322 

368.112 

0.261 

39<» 

85  (leminorum 

1755 

5 

7    4' 

20.  379 

+  352.011 

—  0. 956 

-f  352.219 

—  0.208 

1850 

II 

7    46 

54.35' 

351.080 

0.997 

35'  293 

0.213 

39 « 

I   Cancri    .... 

'755 

5 

7    43 

3.418 

+  342.292 

—  0.810 

4.  342. 504 

—  0.212 

1850 

22 

7    48 

28.  224 

341- 507 

0.842 

34'.  722 

0.215 

392 

(j'  Cancri    .... 

'755 

5 

7    46 

4.  34' 

+  365. 468 

—  1. 271 

-f  365.483 

—  0.012 

1850 

10 

7    5' 

50. 956 

364.  246 

1. 301 

364. 264 

0.018 

393 

\\.  A.  C.  265S  . 

1755 

• 

7    46 

31.848 

+  347.923 

—  0.929 

+  347.924 

—    O.OOI 

. 

1850 

7 

7    52 

1.950 

347. 025 

0.962 

347. 025 

0.000 

394 

3  Cancri    .... 

'755 

I 

7    46 

43- 379 

+  345.  594 

—  0.896 

+  345.  738 

—  0  144 

1850 

'9 

7    52 

11.284 

344.  729 

0.926 

344-  873 

0.144 

395 

(J-  Cancri    .... 

'755 

• 

7    46 

54.835 

-f  364.449 

—  1.246 

+  364.  598 

—  0. 149 

1850 

5 

7    52 

40. 492 

363.  243 

1.292 

363. 392 

0.149 

396 

5  Cancri    .... 

'755 

3 

7    47 

30.  793 

+  343.  835 

—  0.862 

+  343-  723 

1 

-f   0.  112 

1850 

21 

7    52 

57.043 

343  002 

0.  S92 

342. 895 

0. 105 
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DECLINATIONS. 


No. 

Star. 

Mag. 

• 

I 

Declination. 

0     '        II 

Centennial   ' 
variation. 

1 

'   Secular 
variation. 

Slruve*s 
precession. 

1 
1 
// 

Proper 
motion. 

// 

Sec.  var. 

of  proper 

motion. 

// 

II 

// 

378 

V  Cieminorum 

5.0     1 

1755 

-f 

27  24  58.63 

—  704.39  ' 

—  50.60 

—  692.  77 

—11.62 

. 

4.3      1 

[850 

27  13  26.72 

752.  15 

49.94 

740.  56  ' 

11.59 

379 

/  (jeminorum     ! 

6.0     ] 

'755 

-f 

18  12  34.82 

—  728.98 

47.11 

—  729.  72  , 

+  0.74 

6.0     1 

[850 

18    0  41.  II 

773. 46 

46.54 

774. 07 

0.61 

380 

a  Canis  Minoris  . 

1.5     ] 

'755 

+ 

5  49  59. 53 

—  843. 64 

—  4i.76 

—  739. 13 

— 104.51 

1 

i.o  ;  ] 

1850 

5  36  19.30 

883. 10 

41.32 

779.  20 

103.90 

1900 

5  28  52. 59 

903.70 

41  07 

-799.88 

103.  82 

381 

a  Cleminorum 

6.0      1 

1755 

+ 

29  27    8.  77 

—  775.04 

—  50.82 

—  751.32 

-23.72  ' 

5.0     ] 

1850 

29  14  29.67 

822.  97 

50.08 

799.19 

23.  T8 

1 

382 

c  Cieminorum 

.     6. 0     1 

'755 

+ 

26  20  40. 12 

—  765.07 

—  49-  38 

—  760.85 

1 
—  4.  22 

6. 0     \ 

[850 

26    8  II.  10 

811.73 

48.85 

807.44 

4.29  ' 

383 

K  (teminorum 

4.0     ] 

'755 

+  24  57  44.  70 

—  771.08 

—  48. 84 

—  764.  79 

—  6.29 

3-7     ^ 

1850 

24  45  10  23 

817.17 

48.18 

810.86 

6.31  ! 

384 

/i  (ieminorum 

• 

2.0     1 

'755 

4- 

28  35  41- 15 

—  776.67 

—  48. 85 

—  770.  18 

—  6.49  ,     -f  0.62 

'3     1 

1850 

2823    1.38 

822.  73 

48.  10 

816.81  ' 

5.92 

[900 

28  16    4.02 

S46. 67 

47.70 

841.07 

5.60 

38s 

79  Geminorum 

7.0     1 

1755 

+ 

20  52  53-  72 

—  772.98 

—  47.  22 

—  773. 9> 

+  0.93  , 

6.3 

[850 

20  40  18.  17 

817.54 

46.  59 

818.  54 

1. 00 

386 

^  Geminorum 

6.0 

'755 

+ 

»9    5     7.52 

—  789.  10 

—  46.  56 

—  783.30 

—  5.80 

5.3     1 

1850 

f8  52  16.96 

833.06 

45.98 

827.  22 

5.84 

387 

82  Geminorum      .     . 

7.0  1 

'755 

+ 

23  43  26. 91 

—  799.00 

-  47. 88 

-  799. 13 

• 

+  0.  13  ' 

6.3     ) 

[850 

23  30  26  36 

844.  16 

47.20 

844.33 

0.17  1 

388 

84  Geminorum 

7-5     1 

'755 

+ 

22  56  3».55 

-  836.  52 

-  47.  '8 

-  835.  54 

-0.98  ^ 

1 

6.8     1 

1 

1850 

22  42  55. 68 

881.00 

46.47 

880.05 

0.95 

389 

^  Geminorum 

5.0     ] 

'755 

+ 

27  22  35.43 

—  838.21 

-  48.  73 

-  835.  74 

—  2.47        -f-  O.OI 

■ 

5.0 

1850 

27    8  57.  26 

884.11 

47.92 

881.65 

2.46 

[900 

27     I  29.23 

907. 97 

47.50 

905.51 

2.46  1 

390 

85  Geminorum 

6.5' 

»755 

+ 

20  30  31.40 

—  861.91 

—  36. 10 

—  858. 60 

—  3.31  . 

6.0 

1850 

20  16  31.89 

9<»5. 37 

45.41 

902.00 

3.37 

391 

1  Cancri    .     .     .      . 

6.0 

'755 

+ 

16  25  25.  12 

-  877. 02 

—  44.56 

-  872. 15 

-4.87 

1 

6-3 

1850 

16  II  11.94 

9:9.05 

43.92 

914.21 

4.84 

392 

0'  Cancri    .     .     .     . 

1 

6.0 

'755 

-f 

26    2  28.01 

-  895.37 

—  47.43 

-  895.81 

-f  0.44 

6.0 

1850 

25  47  56.  14 

940. 03 

46.58 

940. 43 

0.40 

393 

IJ.  A.  C.  2658  .      . 

7.5 

'755 

+ 

18  53  42.  15 

—  899.16 

—  44.98 

—  899.44 

+  0. 28 

1           ' 

7.2 

1850 

i8  39     7.  76 

941.56 

44.29 

941.90 

0.34  .                  1 

!  394 

3  Cancri    .     .     .     . 

6.0 

'755 

+ 

17  57  33-63 

—  903. 26 

—  44.64 

—  900.94 

—  2.32 

6.0 

1850 

«7  42  55-49 

945.34 

43.96 

943.05 

2.29 

395 

u^  Cancri    .     .     .     . 

6.5^ 

«755 

+  25  44  29. 80 

—  901.94 

—  47.08 

—  902. 43 

1 
+  0.49 

6.3' 

1 

1850 

25  29  51.84 

946. 29 

46.29 

946.81 

0.52 

396 

5  Cancri   .     .     .     . 

I 

6.0 

1755 

+ 

17    6  35.  16 

—  908.69 

-  44.39 

—  907. 10 

—  1. 59 

1 

6.3 

1 

1            1 

1850 

16  51  51.97 

950. 56 

43.75 

948.92 

1.64 

1 

2l8 


STANDARD  CLOCK   AND  ZODIACAL  STAR  . 


RIGHT  ASCENSIONS. 


1 

j  No. 

1 
1 

1 

Star. 

• 

1 

umber  of 
servations. 

„.  ,               .       '   Centennial 
Richt  ascension.            .    . 

variation. 

Secular 
variation. 

Struve*s 
precession. 

Proper 
motion. 

Sec  var. 

of  proper 

motion. 

1 
1 

U 

_^-5 

A. 

m. 

s.                    s. 

s. 

s. 

s. 

s 

397 

6  Cancri   .... 

1755 

5  i 

7 

48 

25.691  ;  +  371.395 

—  1. 421 

-f  371.  536 

—  0. 141 

' 

1850 

156 

7 

54 

17.868       370.021 

i.47« 

370.  166 

0.145 

398 

7  Cancri    .... 

1755 

5 

7 

49 

20. 798    -f  356. 371 

—  I.  122 

+  356.  788 

—  0.417 

1850 

1 

3 

7 

54 

58. 839        355. 287 

1. 161 

355.  707 

0.420                      ' 

399 

8  Cancri    .... 

»755 

5 

7 

51 

24.176    4  335.887 

—  0.776 

+  336.036 

—  0. 149 

1850 

16 

7 

56 

42.915  '       335.139 

0.799 

335.  294 

0.155 

400 

^>  Cancri    .... 

«755 

5 

51 

45.421     +  357.719 

—  I.  176 

+  357.922 

—  0.203 

1850 

9 

7 

57 

247' 7          356.584 

I.  215 

356.  790 

0.206 

401  !         B.  A.  C.  2703  .      . 

1755 

I 

7 

52 

4.808     -h  356.307 

~  1. 167 

+  357.460 

■ 

-  1. 153 

1850 

8 

7 

57 

42.767          355.  « 80 

1.205 

356.  331 

1. 151 

402       3  (H)UrsaeMajoris. 

1755 

. 

7 

48 

4.57       +  620.59 

— II. 31 

-f  620.02 

-f  0.57 

1800 

• 

7 

52 

42.68            615.43 

11.56 

614. 87 

0.56 

! 

1850 

- 

7 

57 

48. 94            609.  59 

11.80 

609.03 

0.56 

( 

1900 

■          <• 

8 

2 

52.  26            603. 63 

12.02 

603.08 

0.55 

403      /z-  Cancri    .... 

«755 

5 

7 

53 

18.806     -f  355.364 

—  1.  142 

-h  355.220 

-f  0.144 

1850 

20 

7 

58 

55. 880          354.  263 

1. 176 

354.115 

0.148 

404     II  Cancri    .... 

1755 

4 

7 

53 

48.010     +  369.874 

—  1. 461 

+  369. 981 

—  0. 107 

i 

1850 

3 

7 

59 

38.  725           368. 464 

1.508 

368. 574 

0.  no 

405      12  Cancri    .... 

1755 

5 

7 

54 

59.410     -f  337.024 

—  0.812 

+  336.963 

-f  0.061 

1850 

24 

8 

0 

19.212           336.242 

0.835 

336. 182 

0.060 

406     V*  Cancri    .... 

1755 

5 

7 

55 

22.390     +  365.204 

-  1.385 

+  365. 525 

—  0.321  ; 

1850 

3 

8 

I 

8.  702          363. 868 

1.427 

364. 195 

0.327 

407      15  Argus    .... 

1755 

5 

7 

57 

6.810     +  255.314 

-f  0.091 

+  255.989 

—  0.675  1    -f  0.004 

1850 

207 

8 

I 

9. 400          255. 404 

0.098 

256. 074 

0.670 

1 

1 

1 

1900 

- 

8 

3 

17.  "4          255.454 

0.  I02 

256. 123 

0.669 

408      ^^  Cancri    .... 

1755 

5 

7 

55 

39-  435     +  364  090 

—  1. 413* 

-f  364. 686 

-  0.596 

1850 

32 

8 

I 

24. 678          362.  730 

1.452 

363. 350 

0.620 

409  ^   C*  Cancri    .... 

>755 

5 

7 

58 

7.990     -f  346.033 

—  1. 015 

+  345.635 

-f  0.398 

1 

1 

1850 

64 

8 

3 

36.  259          345. 055 

1.038 

344.674 

0.381 

410       X  Cancri    .... 

»755 

5 

8 

5 

8.  161      -f  367. 627 

—  1. 621 

+  367.  753 

—  0. 126 

1850 

II 

8 

10 

56. 670          366. 070 

1.657 

366.224 

0.154 

411            H.A.C.2788    .      . 

1850 

>3 

8 

II 

35.620     4-  351. 121 

—  1.239 

-f  350.  763 

-h  0. 358 

412       ?.  Cancri    .... 

1755 

5 

8 

5 

55. 702     +  359. 486 

—  1.380 

+  359.642 

—  0. 156 

1850 

45 

8 

II 

36. 587          358. 160 

1. 413 

358.313 

0. 153 

413     </^  Cancri    .... 

»755 

5 

8 

9 

18.295     4.  345.652 

—  I.  112 

• 

+  346. 135 

—  0. 483 

1 
1 

1850 

82 

8 

14 

46. 161          344. 588 

1.130 

345.070 

0.482 

1 

414     21  Cancri    .... 

»755 

5 

8 

10 

29.932     4-  329.668 

—  0.786 

-f  329.  718  , 

—  0.050 

1850 

8 

8 

15 

42. 760         328. 916 

0.798 

328.969 

0.053 

415           B.  A.  C.  2810    .     . 

'755 

I 

8 

10 

47. 088  '  +  343. 437 

—  «.079 

-H  343. 492 

—  0. 055 

1 

[850 

1 

3 

8 

16 

12.863  ;       342.403 

1.098 

1 

342.462 

0.059 
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DECLINATIONS. 


No, 

Star. 

1^ 

Epoch. 

Declination. 
0    /        // 

Centennial 
variation. 

Secular 
variation. 

II 

Struve's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

// 

II 

// 

1 
II 

397 

6  Cancri    .... 

5-5 

1755 

-1-  28  27  31.98 

—    919.66 

-47.82 

—    914. 26 

—  5.40 

1 

5.4 

1850 

28  12  36. 86 

964.68 

46.97 

959-  28 

5.40 

1 

398 

• 

7  Cancri    .     .     .     - 

7.5 

'755 

+  22  44    9.  29 

—    922. 18 

—  45-  74 

—    921.40 

—  0.78 

6.3 

1850 

22  29  12.  70 

965. 27 

44-97 

964.54 

0.73 

399 

8  Cancri    .... 

6.0 

1755 

-h  13  47  47. 45 

—    945-40 

—  42.90 

—    937-36 

—  8.04 

■ 

6.0 

1850 

13  32  30.06 

985. 84 

42.25 

977. 82 

8.02 

400 

fi^  Cancri    .... 

6.0 

1755 

+  23  18  49. 53 

—    942. 66 

—  45-  67 

—    940. 1 1 

-  2.55 

1 

6.3 

1850 

23    3  33-5' 

985. 68 

44.89 

983. 12 

2.56 

1 

401 

B.  A.  C.  2703  .     . 

7.8 

1 755 

-f  23    8  19.01 

^    945-93 

-  45. 33 

—    942.58 

3  35 

7.5 

1850 

22  53    0.03 

988.63 

44.56 

985. 36 

3-27 

402 

3  (H)Ursae  Majoris. 

1755 

-f  69    9  30.51 

—    911.22 

-  80.33 

—    9".5' 

-f  0.29 

1800 

69    2  32. 39 

947.03 

78.80 

947. 29 

0.26 

) 

5-3 

1850 

68  54  29. 10 

986.00 

77.08 

986.22 

0.22 

1 

1900 

68  46    6. 54 

1024. 10 

75-32 

1024.28 

0.18 

1 
1 

403 

fi^  Cancri    .... 

6.5 

'755 

-|-  22  16  18.61 

—    959.82 

—  45. 33 

—    952. 12 

—  7.70 

1 

1 

5.7 

1850 

22    0  46.46 

1002.51 

44.55 

994.7' 

7.80 

404 

II  Cancri    .... 

7.0 

'755 

-f  28  10  17.85 

—    960. 19 

—  47. 02 

-    955-86 

-  4.33 

1 

7.0 

1850 

27  54  44. 60 

1004.44 

46.15 

io:)0. 13 

4.3' 

1 

405 

12  Cancri    .... 

6.0 

'755 

-f  14  20    I.  83 

—    966.76 

—  42.70 

—    965. 02 

-  '.74 

1 

6.3 

1850 

14    4  24. 24 

1007.00 

42.02 

1005. 24 

1.76 

i 

406 

Y»*  Cancri    .... 

7.5 

'755 

-h  26  32  37. 92 

—    973-9' 

—  46.21 

—    967.96 

-  5-95 

1 
1 

6.8 

i8so 

26  16  51.98 

1017.41 

45.36 

1011.48 

5-93 

407 

15  Argus    .... 

35 

'755 

—  23  36  47. 59 

—    976.82 

—  3'-99 

—    981.26 

+  4.44 

+  0.09 

3-2 

1850 

23  52  29.96 

1007. 05 

31.62 

1011.57 

4.52 

i 

1900 

24    0  57.43 

1022. 83 

3'.  48 

1027. 39 

4.56 

■ 

408 

Y»'^  Cancri    .... 

7-5 

'755 

-f  26  13  46.22 

—  1006.85 

—  45.99 

—    970.13 

—36.  72 

1 

5-7 

1850 

25  57  29.09 

.  1050. 14 

45- '5 

1013. 50 

36.64 

409 

C*  Cancri    .... 

6.0 

'755 

-h  18  21  54.  76 

—  1002.36 

-  43-  61 

—    988.90 

—13.46 

1 

4-7 

1850 

18    5  42.94 

'043-  45 

42.91 

1030. 02 

'3-43 

410 

X  Cancri    .... 

6.0 

'755 

+  27  59  23. 16 

—  1080. 13 

-  45-  53 

—  1041.88 

-38. 25 

5-3 

1850 

27  41  56.63 

1122.94 

44.61 

1084.60 

38.34 

4" 

B.  A.  C.  2788  .     . 

6.0 

1850 

4-  21  13    0.17 

—  1094.62 

-  42. 58 

—  1089.39 

—  5.23 

1 
1 

412 

X  Cincri    .... 

6.0 

'755 

-\-  24  46  25. 00 

—  1052.23 

—  44-29 

—  1047.87 

—  4. 36 

5.7 

1850 

24  29  25. 52 

1093.89 

43-42 

1089.45 

4.44 

413 

d^  Cancri    .... 

6.0 

'755 

+  '9    5  55-4' 

—  1075.42 

—  42.21 

—  1072.90 

-  2.52 

6.0 

1850 

i8  48  34. 86 

1115. 13 

41.40 

1112.60 

2.53 

414 

21  Cancri    .... 

7.0 

'755 

+  II  24  10. 12 

—  1084.68 

—  40. 03 

—  1081.75 

—  2.93 

6.3 

1850 

II    6  41.  72 

1122.38 

39.32 

1 1 19. 45 

2.93 

415 

B.A.C.2810    .     . 

7.5 

"755 

+  '7  57  43.97 

—  1096.07 

—  41.68 

—  1083.84 

—12. 23 

7.0 

1850 

1 7  40    4. 02 

1 

1135.29 

40.89 

1123.13 

12. 16 

1 

10 


STANDARD  CLOCK  AND  ZODIACAL  STARS. 
RIGHT  ASCENSIONS. 


No. 

Star. 

1 

•s  1 

Right  a 

^^.^^      Centennial 
1     vanauon. 

Secular 
nrialion. 

Slnire'a 

Proper 
motion. 

Sec.  rar. 
of  proper 
raotioo. 

416 

rf«  Canai   .... 

'755 
1850 

8     II 
8     17 

55- 965     +  341.70' 
20.090          340.664 

- 1.080 
1. 104 

+  343.094 
34*.  068 

-  1.393 
1.404 

'■ 

417 

fOmcii(meM)-     . 

'755 
1850 

3       S     II 

35!    8    '7 

55.676     +365.805 
42. 457         3^  *58 

—  1. 611 
1.644 

+  365-  943 
364-398 

-0..38 
0.140 

418 

ir'  Cancri   .... 

'755 
.850 

3  '    8    13 
II      8    17 

3.061  .  +  3S9-^" 
44.033          358.198 

- 1 473 
1.501 

+  360.065 
358-652 

—  0.454 
0.4S4 

4'9 

27  Caacri    .... 

'7SS 
.850 

S'    8    13 
6  1    8     iS 

9. 476     +  333-  534 
as.  9*9         33*- 680 

-O.S9J 
o.,o6 

+  333-  727 
33*- 880 

—  0.193 
0.200 

430 

V'  Cancri    .     -     -     . 

'75S 
iSjo 

S  '    8    14 
9       8    19 

2.781  1  +  358.499 
42.690!       357.095 

-.465 
1.492 

+  358-856 
357-456 

-0.3S7 
0.36. 

431 

39  Cancri    .... 

'7SS 

1850 

5      8    14 

36        8     30 

55-480     +336-606 
14-819         335-685 

-0.863 

0.976 

+  336-810 
335-897 

-0.204 

433 

i^  Cancri   .... 

'755 
1850 

S      8    16 

■e     8  22 

58. 80s     +  357. 641 
37.891          356.**! 

-  i.4«3 
..507 

+  358-*94 
356-875 

-0.653 
0.654 

423 

e  Cancri    .... 

'755 
'850 

5      8    17 

43      8    23 

3S-687     +344.^9' 
3.339         3431 82 

-...S8 
1.176 

+  344-793 
343685 

-0.50a 
0.503 

4*4 

„  Cancri  .... 

'755 
1850 
1900 

121 

8    18 
8    24 
S    z6 

30- '5'  '  +  349-573 
i.66(  ^        348.344 
55.670  1        347.690 

+  1..S6 
..303 
1-313 

+  349.809 
348.583 
347-  93' 

-0.236 
0.239 
0.341 

4^5 

IP-  Cancri    .... 

'755 
.850 

13 

8     18 
8    24 

38.  728 
7-635 

+  357.457 
356.028 

—  1-493 
1.516 

+  358-099 
356.661 

—  a642 
0-633 

436 

35  Cancri    .... 

'755 
1850 

8     31 

8    36 

'2-435     +  347- '83 
41-691          345-986 

-::s 

+  347-624 
346.4*2 

—  0.441 
0.436 

427 

a  A.  c.  3899  .   . 

1850 

8    39 

10.498 

+  344.820 

-  "-*59 

+  345-443 

-0.623 

418 

B.A.C.a907    .     . 

18S0 

8    30 

3'-989 

+  346.19S 

— 1.297 

+  345-958 

+  0.240 

439 

3S  Cincri    .... 

'755 

1850 

5 

8    2S 

8    31 

35-962 
5.234 

+  347.205 

345-  975 

—  1.J88 

'■303 

+  347- 5 '4 
346.379 

—  0.309 
0-304 

430 

S.  A.C.3914    .     . 

1850 

8    3. 

13-898 

+  345.  733 

-  1.298 

+  345-  777 

—  0.044 

43' 

39  Cancri   .... 

1 755 
.850 

*5 

8    35 
8    3' 

58.875 
*8-3S7 

+  347-445 
346.199 

-  '.305 
1.3*0 

+  347-958 
346-  712 

-o.5'3 
o-5'3 

43* 

40  Cancri    .... 

'755 
rSso 

*3 

8    36 

8    3' 

3-979 
33-  495 

+  347-481 
346-336 

'-3'7 

+  347-868 
346.634 

-0.387 
0.388 

433 

a  A.  C. 3919    -     . 

'7SS 

.850 

8    36 
8    3' 

16.031 
45.041 

+  346.943 
345- 7°8 

-  '■  *93 

1.307 

+    347.  *02 
345-966 

-  0.259 
0.258 

434 

r  Cancri    .... 

'75S 
1850 

8    36 
8    3' 

*'-943 

50.409 

+  346.366 
345. 14' 

-  1.282 
1.296 

+   346.9*' 
345.694 

-  o-  555 

0.553 

435 

.-  Cancri    .... 

'7S5 
1850 

.3 

8    36 
8    32 

36.651 
6.0S7 

+  347. 36' 
346- 123 

-  1.296 
i.3'o 

+  347-  267 
346.025 

+  0.094 
0.098 

436 

B.  A.  C.  1935    - 

'755 
'850 

8    26 
8    3* 

51.241 
19.663 

+  346- 3*1 
345  °9i 

—  1.288 
1.30a 

+  346.938 
345-706 

-  0.6.7 
0.6.5 
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DECLINATIONS. 


No. 

Star. 

6.0 

Epoch. 

416 

c/«  Cancri   .... 

1755  , 

6.0 

1850 

1 
417  1  ^«  Cancri(mean)  .     . 

6.6 

1755 

• 

5.7 

1850 

418 

V*  Cancri  (1st  star)     . 

'7.5 

1755 

6.0 

1850  i 

419     27  Cancri    .... 

6.5 

1755 ! 

5-7 

1850  I 

420      v^  Cancri    .... 

6.5 

'755  i 

5.8 

1850 

421 

29  Cancri    .... 

6.0 

1755 

6.0 

1850  1 

422 

ir»  Cancri    .... 

6.5 

1755  1 

6.0 

1850 

423       0  Cancri    .... 

5.5 

1755 

1 

5.7 

1850 

f 
1 

424 

7  Cancri    .... 

6.0 

1755 

5.7 

1850  ' 

1 

1900  ' 

425      V*  Cancri    .... 

7.5 

1755  ' 

5-7 

1850 

426 

35  Cancri    .... 

8.0 

1755 

6.3 

1850  1 

427 

B.A.C.2899    .     . 

7.2 

1850 

428 

B.  A.  C.  2907    .     . 

8.8 

1850  1 

429 

38  Cancri    .... 

7.0 

1755 

• 

7.0 

1850 

430 

B.  A.  C.  2914  .     . 

7.2 

1850 

431     39  Cancri    .... 

6.0 

1755 

• 

7.0 

1850 

432  i  40  Cancri    .... 

6.0 

1755 

7.3 

1850 

433 

B.  A.  C.  2919  .     . 

7.0 

1755 

\ 

7.3 

1850 

1 

434       e  Cancri    .... 

6.5 

1755 

7.2 

1850 

435 

c  Cancri    .... 

7.5 

1755 

7.1 

1850 

436 

B.  A.  C.  2925  .     . 

7.5 

1755 

7.7 

1850 

Declination. 


Centennial 
variation. 


o     / 
-f  17  50 
«7  32 

+  27  42 
27  25 

+  25  19 
25    I 

+  13  26 

13  8 

+  24  56 
24  38 

4.  15    o 

14  42 

-f  24  53 
24  34 

+  18  54 
1835 

+  21  15 
20  56 
20  46 

+  24  53 
2435 

-f-  20  24 
20    6 

+  19  47 
-f-  20    6 

-f  20  37 
20  18 

+  20    3 

+  20  51 
20  32 

-{■  20  49 
20  29 

-f  20  31 
20  II 

+  20  23 
20    4 

+  20  34 
20  14 

-f  20  25 
20    6 


Secular 
variation. 


1.39  — 
II.  r8  I 

54.08     — 
15.31  j 

10.41  '  — 

23.20  I    . 

i 
38. 74     — 

44. 5»  ' 

17.85  I  - 
18.61  I 

"73  '  — 

I 

12.81 

I 

«7.S3  \  — 
58. 56  i 

I 
12.46    I    

50.  79  ; 

15.  M  I  — 

48.47  I 

51.21 

I 

55. 22     - 
27.98  ' 

48. 18     — 
7.02 

9.67     — 

55.48  — 

18.  77  '  - 
10.81  I 

55.67     - 

12. 89     — 
0.18  I 

1.40  '  — 

49.22 
I 
2.33     — 

45. 15  ' 

32. 34     — 
16.87  ' 


4.74 
47.99 

49.17 
28.79 


107.09 
145.88 

093.62 
135. 23 

102. 87 

143. 1Z 

III.  76 
149. 65 

115.72 
156.22 

1 16. 61  i 
154.67 

136.  73  I 
176.77  i 

140.32  , 

178.85 ! 

H5. 33 
184.38 
204. 63 

M5. 55 
185. 34 

160.93 
199. 26 

211.62 

227. 92 

189.42 
227.21 

233. 15 

194.44 
232. 18 

193. 88 
231.63 

199.17 
236. 85 

197.43 
235.00 

198.  70 
236.42 

202. 63 
240. 13 


It 
41.25 
40.42 

44.28 

43.33 

43.46 
42.56 

40.27 
39.50 

43.08 
42.17  I 

40.43  ' 

39.67 ! 
42.57 1 
41. 74 1 
40.99 1 
40. 13 

41.52 
40. 70 . 
40.28 

42.35 1 
41.42 1 

40. 78  ^ 
39.92  \ 

39.42 

39. 50 
40.22 
39.33 ' 

39.31 ' 
40. 17 ' 

39.  28  ! 

40.  18  ' 

39.  29  I 

40.  1 1  1 
39-22 

39.99 
39.10 

40. 15 
39.26 

I 
39.91  I 

39.02 


Struvc*s 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

II 

// 

n 

—  1092.29 

—14.80 

1131.21 

14.67 

—  1092.25 

—  ^-n 

"33-90 

1.33 

—  1093.17 

—  9. 70 

1134.09 

9.64 

—  1101.26 

—10. 50 

1139. 12 

10.53 

—  1107.78 

—  7.94 

1148.32 

7.90 

—  1114.  '5 

—  2.46 

1152. 16 

2.51 

—  1 129. 10 

—  7.63 

1 169. 18 

7.59 

—  "33.49 

-6.83 

1 1 72. 05 

6.80 

—  1140. 10 

-  5.23 

1179.08 

5.30 

1 199. 26 

5.37 

—  1139.92 

-  5.63 

1179.78 

5.56 

—  1159.50 

—  1.43 

1197.90 

1.36 

1 

—  1215. 17 

+  3.55 

1 

—  1224.69 

—  3-  23 

—  1190.65 

+  1.23 

1228.49 

1.28 

—  1229.49 

-3.66 

—  1193.38 

—  1.06 

1231. 14 

1.04 

1 

—  "93.95 

+  0.07 

1 
1 

1231.74 

0.  II 

1 

—  "95.3* 

-3.86 

1 

1 

1233. 12 

3.73 

1 

1 

—  1196.03 

—  1.40 

1 

1233. 69 

1.31 

, 

—  1197.68 

—  1.02 

1235. 50 

0.92 

1 

—  1199.46 

-  3.17 

1237. 07 

3.06 

222 


STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


437 


438 


439 


440 


442 


B.  A.  C.  2931 


y  Cancri    . 


44  Cancri 


A>  Cancri 


441  I     6  Cancri 


If  Cancri 


443     A'^  Cancri 


444        t  Hydro.* 


445      54  Cancri 


446     52  Cancri 


447     60  Cancri 


448      o'  Cancri 


449        L  UrsiL*  Majoris 


450      o*  Cancri 


451      •-  Cancri 


452     68  Cancri 


453  '     V  Cancri 


454      a-  Ursa:  Majoris 


M 


755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
S50 

755 
850 

755 
850 

900 

755. 
850 

755 
850 

755 
850 

755 
850 


755 
850 

755 
850 

755 
850 

755 
800 

850 

900 


Vm       (A 
O       C 

o 


I 

«5 

5 
146 

I 

7 

I 
12 

5 
105 

I 
3 

5 
'7 

5 
580 

3 
5 

3 
8 

5 

18 

5 
10 


755 

3 

850 

322 

900 

- 

755 

5 

850 

18 

5 
170 

4 

7 

3 
20 


Right  ascension. 


8  27 

8  33 

8  29 

8  34 

8  29 

8  34 

8  29 

8  34 

8  30 

8  36 

8  31 

8  36 

8  33 

8  38 

8  33 

8  38 

8  41 

8  37 

8  42 

8  37 

8  42 

8  42 

8  47 

8  43 

8  48 

8  42 

8  48 

8  52 

8  43 

8  49 

8  45 

8  50 

8  47 

8  53 

8  48 

8  53 

8  48 

8  52 

8  57 

9  I 


s. 

43-694 
12.  778 

4-085 

35-901 

10. 529 
36.209 

40.566 
56.057 

43-603 
9.251 

25. 628 
36.  267 

28.  742 
42.422 

46.884 

49.  741 
28.883 

20.952 
39.865 

25.961 
46. 630 

31.242 
43.840 

33. 108 
52. 632 

18.455  I 
54-788 
21-  775 

52.369 
12. 228 

3-649 
16.  716 

56. 526 
18. 144 

21.985 
57.560 

27.47 

35-21 

7.28 

35-99 


Centennial 
variation. 


J. 
-h  347-028 

345.  779 

-h  349-949 
348.609 

-h  343- 404 
342.  237 

-h  332.  552 
331.640 

+  343-  389 
342.185 

+  327. 394 
326.  583 

4.  330.  642 
329-  736 

-h  319. 133 
318.461 

318. 107 

-f-  336.  226 
335. 170 

+  338.093 
337.000 

+  329-  504 
328. 594 

+  336. 884 
335-  797 

-h  419. 299 
415.085 
412.863 


+  337. 240 
336- 144 


-  1. 155 
1. 154 

+  330.012     —  0.984. 


Secular    |     Struve's 
variation,     precession. 


s. 
1.308 

1.322  1 
1.406 

1. 417 ! 

1.224 
1-233 

0.957 
0.962 

1.262 
1.272 

0.854 
0.854 

0.954 
0.955 

0.708 
0.707 

0.707 

I.  no 
X.  113 

1. 150 

1. 153 

0.960 

0.957 

1. 143 
1. 145 

4.430 
4.442 

4.446 


329. 078 

0.982 

+  339. 141 

—  ".255 

337-  949 

1.255 

+  354. 055 

—  I.  721 

352.419 

1.724 

■f  553.61 

-13. 58 

547.52 

13.52 

540.  77 

"3.44 

+  534.07 

—13. 36 

s. 

-h  347.463 
346.208 

-h  350.  720 
349. 376 

-f  *  343. 659 
342.490 

-h  332.  584 
331.669 

+  343.  524 
342.329 

-h  327.432 
326.621 

-h  33>.  193 
330. 288 

-h  320.418 

319.  747 
319.392 

-h  337. 134 
336. 074 

+  338.407 
337.315 

+  329. 587 
328. 674 

+  336.464 
335. 374 

-h  423.804 
419. 5;85 

417.365 

+  336.923 
335. 822 

+  329.822 
328  890 

+  339.349 
338. 155 

-h  354. 128 
352. 490 

+  553.84 
547.76 
541.02 

+  534.34 


Proper 
motion. 


I 


s. 

—  0.435 
0.429 

—  o.  771 

0.767 

—  o.  255 

0.253 

—  0.032 
0.029 

—  o.  135 

0.144 

—  0.038 
0.038 

—  0.551 
0.552 

—  1.285 

X.286 
1.285 

—  0.908 

0.904 

—  0.314 
0.315 

—  0.083 

0.080 
4-  0.420 

0.423 

—  4. 505 
4.500 

4.502 

-f  0.317 
0.322 

-f  o.  190 

0.188 

—  0.208 
0.206 

—  o.  073 
0.071 

—  0.24 
0.24 
0.25 

—  0.27 


Sec  var. 

of  proper 

motion. 


I 


J. 


0.000 


-f  0.004 
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DECLINATIONS. 


No. 

Star. 

• 

• 

I 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0     /      // 

1 

// 

// 

// 

// 

437 

B.  A.  C.  2931  .     . 

7.0 

1755 

-f  20  43  41.02 

—  1206.  56 

1 

-  39.91  1 

—  1205.60 

—  0.96 

7.5 

1850 

20  24  16.91 

1244.04 

39.00 

1 

'243.  '3 

0.91 

438 

y  Cancri    .     .     ,     . 

5.0 

'755 

-h  22  19  50. 99 

—  1219.39 

—  40.08 

—  1214.94 

4.45 

4.3 

1850 

22    0  14.65 

1257.00 

39. 'o 

1252.63 

4.37 

439 

44  Cancri    .... 

8.0 

»755 

-f   19    0  35.  71 

—  1215.54 

39.30 

—  1215.  72 

+  0.18 

«.3 

1850 

18  41     3.34 

1252.46  1 

38.42 

1252.68 

0.22 

440 

A'  Cancri    .... 

6.5 

1755 

+  13  32  30.  18 

—  1219.80 

—  38.03 

—  1219.09 

—  0.71 

6.0 

1850 

13    '2   54.34 

1255-54 

37.22 

1254. 94 

0.60 

441 

d  Cancri    .... 

4.5 

1755 

-f-    19      2    II.  72 

—  1249.  76 

—  39.  20 

—    1226. 49 

—23. 27 

4.0 

1850 

18  42    6. 88 

1286.57 

38.28 

1263.24 

23.33 

442 

b  Cancri    .... 

6.5 

1755 

+  ID  57    4. 14 

—  1232.37 

-  37.  '8 

-  1231.36 

—  1. 01 

5.7 

1850 

10  37  16.  73 

1267. 32 

36.40 

1266.30 

1.02 

443 

A*^  Cancri    .... 

6.0 

1755 

4.  12  59  29.  78 

—  1250.30 

37.25 

—  1245.48 

-  5.32 

6.0 

1850 

12  39  24.84 

1285. 80 

36.43  1 

1280.50 

5.30 

444 

e  Hydra*  .... 

4.0 

1755 

+     7  18    2.84 

—  1253- 07 

-  35. 82 

-  '247. 54 

-5.53 

-h  0.13 

• 

3-3 

1850 

6  57  56.37 

1286.  75 

35.06 

1281.35 

5.40 

1900 

6  47    8.64 

1304. 17 

34.66 

1298.83 

5.34 

445 

54  Cancri    .... 

6.5 

1755 

+  16  14  30.89 

—  1265.85 

—  37. 29 

—  1271.87 

-f-  6.02 

6.3 

1850 

15  54  11.64 

1300. 87 

36.43 

1306.98 

6. 11 

446 

52  Cancri    .... 

7.5 

"755 

+  16  53  39. 58 

—  1269. 15 

—  37. 55 

—  1272.43 

-h  3.28 

8.0 

1850 

16  33  17.07 

1304.41 

36.68 

1307.  74 

3-33 

447 

60  Cancri    .... 

6.0 

1755 

-f  12  32  43.81 

~  1308.32 

—  35.97 

—  1306.53 

—  1.79 

6.0 

1850 

12  II  44.80 

1342.05 

35.07 

1340. 28 

1.77 

448 

0'  Cancii    .... 

6.0 

>755 

-f  16  14  42. 59 

—  13"- 46 

—  36. 67 

—  1313.39 

+  1.93 

5.7 

1850 

15  53  40.27 

1345.88 

35.82 

1347.  73 

1.85 

449 

I  Ursae  Majoris  . 

3.5 

1755 

+  48  59    0.28 

—  1331.00 

—  45. 4' 

—  1305. 14 

—25.86 

-f-  0.48 

3-0 

1850 

48  37  35. 58 

1373. 37 

43.76 

1347.97 

25.40 

1900 

48  26    3.46 

1395.08 

42.90 

1369.92 

25.16 

450 

0^  Cancri    .... 

6.0 

1755 

-h  16  30  17.25 

—  '313.23 

—  36. 66 

-  1315.52 

-h  2.29 

6.0 

1850 

16    9  13.27 

1347.62 

35.73 

1349. 85 

2.23 

451 

i^  Cancri    . 

5.0 

1755 

+  12  47  23.11 

—  '327.39 

-  35.  7' 

—  1323.36 

—  4.03 

4.0 

1850 

1        12  26    6.08 

1 

1360. 88 

34.82 

1356. 80 

4.08 

452 

68  Cancri    .... 

7.5 

1755 

-f  18    I  27.  II 

—  '34'  45 

-  36.  '8 

—  1342.21 

4-0.76 

7-5 

1850 

17  39  56.55 

'        '375.38 

35.25 

1376. 16 

0.78 

453 

V  Cancri    .... 

6.0 

1755 

+  25  23  58.33 

—  1346.72 

—  37.  74 

—  1344.96 

—  1.76 

5-3 

1850 

25    2  22.07 

1382. 08 

36.70 

1380.34 

1.74 

1 

454 

(t'  Ursae  Majoris  . 

. 

1755 

1+68    6    6. 39 

-  '35'. '7 

—  59. 30 

-  1345.56 

1    —5.61 

1 

5.5 

1800 

67  55  52.41 

'377.49 

57.66 

1371.90 

5.59 

5.0 

1850 

67  44  "6.53 

1405. 86 

55.85 

1400. 28 

5.58 

1900 

-f  67  32  26.  70 

—  '433.34 

—  54.08 

—  1427.  74 

—  5.60 

STANDARD   CLOCK   AND  ZODIACAL  STARS. 


RIGHT   ASCENSIONS. 


No. 

Star. 

1 

•0 

Riehi  ^ 

„„.. 

Centennial 

Secular 

Stnive'j 

Iroper 
motion. 

Sw.ru.. 
of  proper 

A. 

w. 

r. 

J, 

J. 

^_ 

j._ 

«S 

71  Cancri   .... 

1755 

I 

3 

51 

58.40.      +  339.  "96 

-  '-289     +  339-45' 

-  0.3SS 

1S50 

3 

8 

57 

*>-  "56          337-  973 

1.286         338,334 

0.351 

45fi 

B.  A.  C  3103  -     - 

'755 

t 

8 

5a 

*9-  373     +  338.  S83 

-1-277     +338-865 

+  0.018 

1S50 

3 

8 

57 

S°-  ^37      "    337-  673 

1.273          337-654 

0.018 

457 

73  Cuicri    .     -     -     - 

"755 

8 

S3 

43-  78'     +  335-  *8o 

-  '-'75  '  +  335-40' 

—  o.iai 

1850 

7 

8 

58 

1.  768          334- 166 

I- '7'          334-a9o 

0.124 

4S8 

«  Cancri    .... 

"7SS 

5 

8 

54 

26.998     +326.851 

-  0.946  I  +  326.944 

—  0.093 

.8so 

246 

8 

59 

37.082          315.958 

0.936 

336.047 

0.089 

.900 

9 

a 

19-9441       325-490 

0.933 

325-579 

aoBg 

459 

7S  Caneti    .... 

"755 

3 

8 

55 

16.090     +338-791 

-  1.309 

+  339.«8S 

—  0.397 

1850 

5 

9 

0 

37-35'  ,       337-55' 

1.303 

337.949 

0.398 

460 

iC«icri   .     -     .     . 

'755 

4 

8 

55 

'3-796    +  347.899 

-  '.589 

+  348.0.1 

-O.II3 

.850 

16 

9 

0 

43-583  :        346-390 

1.586 

346- S03 

a  113 

461 

79  Cancri   .     .     .     . 

"755 

5 

8 

56 

'3. 71S     +  347-741 

-  '-591 

+  347-75' 

-  0.010 

.850 

'S 

9 

' 

43. 3S'           346-  331 

1.S87 

346.339 

aooS 

46a 

80  Cancri  -    .     .     . 

"755 

3 

8 

58 

9.013     +  339-597 

-  1-352 

+  339.884 

-0.387 

1850 

'3 

9 

3 

31.031           338-315 

1.346  ]       338.604 

0.289 

463 

it'  Cancri   .... 

'755 

4 

8 

58 

51.316     +  330.426 

-  '.  '43 

+  33+  '93 

-  3;  767 

1850 

5 

9 

4 

4.  707          329. 344 

1.136 

333-097 

3-753 

4^ 

B.  A.  C.  3138  .     . 

'755 

2 

8 

59 

35-<*4     +  345-668 

-..562 

+  345- 8'5 

-0.147 

1850 

23 

9 

S 

2.  74S  1       344-  '87 

'-556 

344-337 

0.150 

46s 

Tr»  Cancri   .... 

'755 

s 

9 

I 

4<^aS6     +  333- S8i 

-'■!&*  ;  +  333-8'S 

-0.234 

■850 

ao 

9 

6 

56.626         33^' 460 

1-175 

332.696 

0.236 

466 

83  Cancri   .... 

'755 

5 

9 

5 

16.0SS     +337.533 

—  i.3'i 

+  338.331 

-0.788 

1850 

196 

9 

■0 

36. 145           336. 368 

'■354 

337.033 

0.765 

467 

1  Argux    .... 

1850 

9 

II 

14.47       +  160.10 

-0.33    1  +  161.10 

-0.90 

, 

1875 

9 

"3 

4.51     '        160.14 

0.33     ■       161.04 

0.90 

1900 

9 

'4 

24.58             160.09 

0. 33             160. 99 

0.90    ( 

468 

1  (fl)nraconis  .     . 

.755 

8 

59 

53.86    j  +1013.49 

—88.93       +1013.25 

-a76 

•775 

9 

3 

13-57    1       994.8s 

87-36 

995.62 

0.77 

.800 

9 

7 

19-SS  '1       973-23 

85-45 

974.00 

0.77 

,8,5 

9 

II 

ao.3i    1       953.08 

83.50 

953.85 

0.77 

1850 

9 

IS 

15.63           931-44 

8,.s. 

933. 21 

0.77 

1875 

9 

"9 

5-96           911-29 

79.49 

913.05 

0-77 

1 

19C0 

9 

33 

51.33      +891.68 

-77-46 

+  892.44 

-  0.77 

1 

469 

B   A.  C.  3306  .     . 

1755 

3 

9 

10 

55-  S49     +  340. 520 

-  1.508 

+  341.330 

—  0.  710 

1850 

10 

9 

16 

'8.365 

339-094 

1.495 

339.804 

0.710 

470 

c  Hydrat  .... 

17SS 

■0 

9 

'5 

32.663 

+  295.116 

-  0. 168 

+  295.246 

—  0. 130 

+0.002 

.850 

9 

30 

13.950 

^94.967 

0.144 

395.096 

0. 139 

igoo 

9 

23 

40.416 

394.898 

0.131 

295.035 

0.137 
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DECLINATIONS. 


No. 

Star. 

^ 

^ 

1 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Struve*s 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0    /        // 

// 

// 

// 

// 

// 

455     71  Cancri    .... 

7.5 

1755 

-f  18  21     1.69 

—  1367.99 

-  35.  58 

—  1368.26 

+  0.27 

1 

1 

8.0 

1850 

17  59    6.19 

1401.34 

34.64 

1401.60 

0.26 

1 

1 

456 

B.  A*.  C.  3103  .     . 

7.5 
7.5 

»755 
1850 

-  35.  50 
34.56 

—  '37'.  52 
1404. 82 

+  17  42  40. 6 

.     .     .     . 

. 

457 

73  Cancri    .... 

8.0 

1755 

+  16  14  15.93 

—  1372.84 

35.06 

—  '373-02 

+  0.18 

S.  I 

1850 

15  52  16.04 

1405.  72 

34. '5 

1405. 97 

0.25 

458 

K  Cancri    .... 

5.5 

«755 

+  I'  38  17.38 

—  1384.44 

-33.88 

—  1384.02 

—  0.42 

+  0.04 

5.0 

1850 

II  16    7.00 

1416.22 

33.01 

1415.84 

0.38 

1900 

II    4  14,79 

1432. 60 

32.55 

'432. 24 

0.36 

459 

78  Cancri    .... 

7.0 

1755 

+  18  26  43.33 

1391.67 

~  35. 02 

—  '389. '8 

—  2.49 

7.8 

1850 

18    4  25. 58 

1424  49 

34.07 

1422. 05 

2.44 

460 

^  Cancri 

5.5 

1755 

4-  23    I  10.28 

—  1387.91 

—  36. 02 

—  '388. 94 

-h  '.03 

5.0 

1850 

22  38  55. 67 

1421.64 

34.99 

1422. 69 

1.05 

461 

79  Cancri    .... 

6.0 

1755 

+  22  58  28. 14 

—  1394.85 

-35.86 

—  '395.  24 

+  0.39 

6.3 

1850 

22  36    7.00 

1428.43 

34.83 

1428. 83 

0.40 

462 

80  Cancri    .... 

7-S 

«755 

+  19    I  53.58 

—  '409.52 

-  34. 68 

—  '407.30 

—  2.22 

6.8 

1850 

18  39  19.01 

1442.08 

33.87 

'439-  78 

2.30 

463 

TT^  Cancri    .... 

6.S 

1755 

+  15  58    6.44 

1390. 43 

33.26 

—  1411.68 

+21.25 

6.3 

1850 

15  35  50.65 

1421.60 

32.36 

'443-  23 

21.63 

464 

B.  A.  C.  3138  .     . 

6.0 

1775 

-f  22  16  36.92 

—  1420.00 

-  35-  'o 

—  1416.20 

—  3.80 

6.3 

1850 

21  53  52.23 

1452. 86 

34.08 

1449. 08 

3.78 

465 

Tf*  Cancri    .... 

6.0 

1755 

+  15  56  30. 17 

—  1428.90 

—  33. 52 

—  1429.08 

-h  0.18 

6.0 

1850 

15  33  37.  73 

1460. 30 

32.59 

1460.51 

0.21 

466 

83  Cancri    .... 

6.0 

1755 

+  18  43  44.46 

'465.  53 

—  33. 30 

—  '45'.  03 

—14. 50 

• 

5.7 

1850 

18  20  17.30 

1496.  70 

32.32 

1482. 27 

'4. 43 

467 

I  Argus    .... 

2.5 

1850 

-  58  38  49. 83 

1493. 96 

—  14.82 

—  '496.  77 

-h  2.81 

1875 

58  45    3.  78 

1497. 66 

'4.  77 

1500. 48 

2.82 

• 

1900 

5851  18.65 

'501.35 

'4.7' 

1504. 18 

2.83 

468 

1(H)  Draconis  .      . 

- 

1755 

-f-  82  22    6.86 

—  '4'9.97 

—103. 96 

—  1418.04 

-  '.93 

'775 

82  17  20.80 

1440. 41 

100.47 

1438. 50 

1. 91 

1800 

82  II  17.61 

1465. 01 

96.40 

1463. 12 

1.89 

1825 

82    5    8.38 

1488. 63 

92.51 

i486.  76 

1.87 

4.3 

1850 

81  5853.38 

1511.28 

88.74 

1509.42 

1.86 

1875 

81  52  32.83 

'533.00 

85.10 

153'. '6 

1.84 

1900 

-f-  81  46    6.96 

-  '553.83 

—  81.52 

—  '552.03 

~  1.82 

469 

B.  A.  C.  3206  .     . 

7.0 

'755 

4-  20  49  54, 42 

—  '497.25 

—  32.  70 

—  1484.  78 

—12.47 

6.3 

1850 

20  25  57.43 

'527. 83 

3'.68 

'5'5.44 

'2.39 

470 

a  Hydrae  .... 

2.0 

1755 

—    73634.21 

—  1508.67 

—  27.66 

—  1511.68 

+  3-01 

-f  0. 01 

2. 1 

1850 

8    0  39. 81 

1534.61 

26.95 

'537. 63 

3.02 

1900 

8  13  30.47 

'547. 99 

26.57 

155'.  01 

3.02 
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RIGHT  ASCENSIONS. 


No. 

Star. 

m 

I 

Number  of 
observations. 

Right  ascension. 

Centennial 
variation. 

Secular 
variation. 

s. 

Struve*s 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

A. 

m. 

J. 

s. 

J. 

X. 

471 

u  Leonis   .... 

1755 

2 

9 

'5 

18.  712 

-h  323.067 

—  0. 953 

+  322.699 

-h  0.368 

1850 

'9 

9 

20 

25. 205 

322.  192 

0.890 

321.846 

0.346 

472 

3  Leonis  .     .     . 

1755 

2 

9 

15 

25.175 

+  320.975 

—  0.861 

+  321- 3'8 

0.343 

1850 

4 

9 

20 

29.  715 

320.  166 

0.844 

320.  508 

0.342 

473 

d  Ursse  Major  is  . 

«755 

- 

-  9 

12 

20.  II 

+  563.30 

—'7.63 

-f  564. 82 

—  '.52 

1800 

- 

9 

16 

31.82 

555.41 

'7.39 

556.91 

1.50 

1850 

. 

9 

21 

7.37 

546.  79 

17.  lO 

548.  26 

1.47 

1900 

- 

9 

25 

38.64 

538.31 

16.81 

539.76 

'45 

% 

474 

d  Ursje  Majoris  . 

1755 

- 

9 

16 

19. 237 

+  4".  594 

-  5. 627 

+  422. 332 

—10.  738 

-f  0.067 

1850 

'75 

9 

22 

47.724 

406. 289 

5-54' 

416.979 

10.690 

• 

1900 

- 

9 

26 

10.177 

403.  528 

5.503 

414.200 

10. 672 

475 

f  Leonis  .... 

1755 

5 

9 

18 

42. 829 

-h  325.248 

—  1.124 

+  325.982 

—  0.  734 

1850 

87 

9 

23 

5'.  354 

324. 283 

1.008 

325.017 

0.734 

476 

A  Leonis  .... 

'755 

2 

9 

18 

47.9'3 

-h  323. 54' 

-  0.946 

+  323.475 

-f  0.066 

1850 

29 

» 

9 

23 

54.854 

322. 654 

0.923 

322.  589 

0.065 

477 

7  Leonis   .... 

1755 

5 

9 

22 

27. 556 

-h  330. 181 

—  1. 194 

+  330. 470 

—  0.289 

1850 

5 

9 

27 

40.691 

329. 056 

I. '74 

329. 344 

0.288 

■ 

478 

8  Leonis   .... 

>755 

5 

9 

23 

29. 433 

+  333.470 

—  '.317 

+  333. 646 

—  0. 167 

1 

1850 

9 

9 

28 

45.646 

332. 237 

1.297 

332. 409 

0. 172 

479 

10  Leonis   .... 

1755 

2 

9 

24 

15.414 

-h  3'8. 158 

—  0.  797 

+  3'8.692 

—  0.534 

1850 

26 

9 

29 

17.308 

3'7.4io 

0.776 

3'7.945 

0.535 

480 

II  Leonis  .... 

'755 

5 

9 

24 

37.  257 

-♦-  329.615 

—  1. 198 

+  330. 168 

-  0. 553 

1850 

3 

9 

29 

49.  853 

328. 487 

'.'77 

329. 042 

0.555 

481 

•  0  leonis  .... 

'755 

5 

9 

28 

2.999 

-h  321.962 

—  0.960 

-f  322.990 

—  X.028 

1850 

223 

9 

33 

8.433 

321.061 

0.936 

322.096 

'.035 

482 

ijj  Leonis   .... 

'755 

5 

9 

30 

21.514 

-f-  328.906 

—  1. 181 

+  328.968 

—  0.062 

1850 

'4 

9 

35 

33-445 

327.  795 

1.158 

327. 857 

0.062 

483 

e  Leonis   .... 

'755 

5 

9 

3' 

53.  773 

+  343-933 

—  1.825 

+  344.367 

—  0.434 

+0.001 

1850 

653 

9 

37 

19.690 

342.213 

'797 

342. 645 

0.432 

1900 

• 

9 

40 

10.573 

341.318 

1.784 

34'.  750 

0.432 

484 

18  I^eonis  .... 

'755 

5 

9 

33 

9.687 

+  325. 239 

—  1. 051 

+  325.346 

—  0. 107 

1850 

23 

9 

38 

18. 193 

324. 252 

1.028 

324.357 

0. 105 

485 

19  Leonis  .... 

'755 

4 

9 

34 

14.174 

+  324.3" 

—  1.040 

-f  324. 885 

—  0.574 

1850 

5 

9 

39 

21.804 

323. 335 

1. 014 

323-909 

0.574 

486 

B.  A.  C.  3345  .     - 

'755 

I 

9 

34 

21.270 

+  324. 592 

—  1. 051 

+  324.680 

—  0.088 

1850 

33 

9 

39 

29. 161 

323. 605 

1.026 

323.  701 

0.096 

487 

20  Leonis  .... 

'755 

5 

9 

36 

4.805 

-h  338. 821 

—  1.642 

+  339.24' 

—  0.420 

1850 

6 

9 

41 

25. 948 

337. 274 

1. 614 

337. 697 

0.423 

488 

21  Leonis  .... 

1755 

3 

9 

37 

36.  7'5 

•f  324.  757 

—  1.057 

+  324.935 

—  0. 178 

1850 

5 

9 

42 

44.761 

323.766 

1.030 

323. 944 

0.178 
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DECLINATIONS. 


No. 

Star. 

1 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Struve*s 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0     /      // 

// 

II 

// 

II 

// 

471 

(J  Leonis  .... 

6.5 

1755 

-h  10    6  34  15 

—  1510.89 

—  30. 46 

.1510.35 

—  0.54 

5.9 

1850 

9  42  25.  70 

1539.39 

29. 54 

1538.  77 

0.62 

472 

3  Leonis   .     . 

6.5 

»755 

-h    9  14  34. 01 

—  1512.62 

—  30. 13 

—  1510.96 

—  1.66 

6.3 

1850 

8  50  23.  56 

1540. 82 

29.25 

1539. 20 

1.62 

473 

d  Ursae  Majoris 

5.0 

1755 

+  70  53    2.  70 

1487.  23 

—  54.11 

—  1493.05 

+  5.82 

1800 

70  41  48.02 

1511. 17 

52.22 

1517.05 

5.88 

4.7 

1850 

7029    5.99 

1536.  74 

50.17 

.   1542.70 

5.96 

1900 

70  16  11.43 

1561.32 

48.16 

1567.36 

6.04 

474 

6  XJtsx  Majoris  .     . 

3.0 

«7S5 

+  52  46  38. 36 

1572.91 

—  37.  70 

—  1516.17 

—56.  74 

+  0.91 

30 

1850 

52  21  27.34 

1607.89 

35.94 

1552.01 

55.88 

1900 

52    7  58-  95 

1625. 63 

35.02 

1570.21 

55.42 

475 

^  Leonis   .... 

5.0 

'755 

-f  12  22  14.87 

—  1538.01 

—  30. 04 

—  1529.82 

~  8.19 

5.3 

1850 

II  57  40.35 

1566. 10 

29.13 

1557.88 

8.22 

476 

A  Leonis   .... 

6.0 

1755 

+  10  46  56.05 

-  1531.48 

—  29. 92 

—  1530.26 

—  1.22 

' 

5.7 

1850 

10  22  27.  79 

1559. 46 

28.99 

1558.21 

1.25 

477 

7  Leonis   .... 

6.5 

1755 

-h  15  27  34.01 

—  1551.99 

—  29. 87 

—  1550.  79 

—  1.20 

6.3 

1850 

15    2  46. 29 

1579.91 

28.90 

1578.  73 

1. 18 

478 

8  Leonis  .... 

6.5 

1755 

+  17  31  19.89 

1558. 32 

—  30.01 

1556. 50 

—  1.82 

. 

5.7 

1850 

17    6  26.09 

1586. 36 

29.02 

1584.56 

1.80 

479 

10  Leonis   .           .     . 

5.5 

1755 

+    7  55  15.98 

—  1560.63 

—  28. 45 

—  1560.  72 

+  0.09 

5.4 

1850 

7  30  20. 67 

1587.24 

27.58 

1587.39 

0. 15 

4S0 

II  Leonis   .... 

7.0 

1755 

+  15  26  24.36 

—  1570. 13 

—  29.44 

—  1562.  73 

—  7.40 

6.8 

1850 

15    I  19.60 

1597.63 

28.47 

1590. 27 

7.36 

481 

0  Leonis   .... 

4.0 

1755 

+  10  59  37. 65 

—  1584.82 

—  28. 47 

-  1581.39 

—  3.43 

3-7 

1850 

10  34  19. 36 

1611.43 

27.56 

160*7. 80 

3.63 

482 

^  Leonis   .... 

6.0 

1755 

+  15    7  47.11 

—  1595.47 

—  28.46 

—  1593.74 

-  1.73 

6.0 

1850 

14  42  18.  73 

1622.04 

27.48 

1620. 32 

I.  72 

483 

e  Leonis   .... 

3.0 

1755 

-h  24  53  21. 19 

—  1604.05 

29.53 

—  1601.87 

—  2.18 

-f-  0.02 

3-0 

1850 

24  27  44. 19 

1631.57 

28.40 

1629.40 

2.17 

1900 

24  14    4.88 

1645. 62 

27.80 

1643.46 

2. 16 

484 

i8  Leonis   .... 

6.0 

1755 

-f  12  55  34.35 

—  1608. 19 

—  27.  70 

—  1608.52 

-h  0.33 

6.0 

1850 

12  29  54.21 

1634. 03 

26.  71 

1634. 37 

0.34 

485 

19  Leonis   .... 

7.0 

1755 

-f  12  41  18.48 

—  1612.  70 

-  27. 36 

—  1614. 14 

-h  1.44 

7.0 

1850 

12  15  34.21 

1638.  24 

26.41 

1639.  72 

1.48 

486 

B.  A.  C.  3345  .     . 

8.0 

1755 

-f-  12  33  10.00 

—  1619. 61 

—  27. 45 

—  1614.  79 

—  4.82 

1850 

12    7  19. 14 

1645. 23 

26.52 

1640.34 

4.89 

487 

20  Leonis  .... 

7.0 

1755 

+  22  18  31.32 

—  1627.27 

—  28. 30 

—  1623.67 

—  3.60 

6.0 

1850 

21  52  32.80 

1653. 65 

27.22 

1650. 07 

3.58 

488 

21  Leonis   .... 

7.5 

1755 

4-  12  58  27.03 

—  1631.39 

—  26.86 

—  1631.52 

+  0.13 

6.8 

1850 

12  32  25.24 

1656.45 

25.90 

1656. 60 

0.15 

II 
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RIGHT  ASCENSIONS. 


No. 

Star. 

Epoch. 

Number  of 
observations. 

Ris^ 

fit  ascension. 

Centennial 
variation. 

Secular 
variation. 

Struve*s 
precession. 

Proper 
motion. 

Secvar. 

of  proper 

motion. 

m. 

s. 

s. 

J. 

s. 

J. 

/. 

489 

23  Leonis  .... 

1755. 

2 

9 

37 

44.540 

+  326. 950 

—  1. 130 

-f  326.682 

-h  0.268 

1850 

7 

9 

42 

54. 637 

325.890 

1. 103 

325. 620 

0.270 

490 

11  Leonis  .... 

1755 

5 

9 

38 

46. 679 

+  34^.868 

—  2.001 

+  346.640 

—  1.772 

-fo.005 

1850 

220 

9 

44 

«3-405 

342. 981 

1.970 

344.747 

1.766 

1900 

9 

47 

4.650 

342.001 

1.952 

343- 764 

1.763 

491 

9  Sextantis     .     .     . 

1755 

5 

9 

41 

«7.443 

-h  314.  722 

—  0.697 

+  315.113 

—  0. 391 

1850 

3 

9 

46 

16. 119 

314.074 

0.668 

314.465 

0.391 

492 

ID  Sextantis     .     .     . 

1755 

5 

9 

43 

25. 372 

+  319.641 

-  0. 895 

-h  320.345 

—  0.  704 

1850 

3 

9 

48 

28. 632 

318.805 

0.865 

319. 508 

0.703 

493 

26  Leonis  .... 

1755 

4 

9 

44 

50.498 

+  328. 533 

—  1.254 

+  328.860 

—  0. 327 

1850 

12 

1 

9 

50 

2.043 

327. 356 

1.225 

327.684 

0.328 

494 

V  Leonis   .... 

1755 

5 

9 

45 

0.943 

+  324.  731 

—  1.093 

+  324.976 

—  0.245 

1850 

;  47 

9 

50 

8.948 

323.  704 

1.070 

323. 955 

0.251 

495 

II  Sextantis     .     .     . 

1755 

5 

9 

45 

7.540 

+  319.412 

—  0.866 

+  319.385 

-f  0.027 

1850 

5 

9 

50 

10.596 

318.604 

0.836 

318.577 

0.027 

496 

TT  Leonis  .... 

1755 

5 

9 

47 

14.  757 

+  318. 543 

—  0. 850 

+  318.867 

—  0. 324 

1850 

214 

9 

52 

16.994 

317.750 

0.819 

318.075 

0.325 

497 

14  Sextantis     .     .     . 

1755 

2 

9 

53 

57.717 

+  314.964 

—  0.  713 

+  315.326 

—  0. 362 

1850 

14 

9 

58 

56.615 

314.303 

0.679 

314.665 

0.362 

498 

fl  Leonis  .... 

1755 

5 

9 

53 

56. 437 

+  329. 581 

—  1.362 

+  329.643 

—  0.062 

1850 

48 

9 

59 

8.932 

328.312 

1.310 

328. 381 

0.069 

499 

A  Leonis  .... 

1755 

I 

9 

54 

52.  725 

-h  320.093 

—  0.945 

+  320. 732 

—  0. 639 

1850 

17 

9 

59 

56. 391 

319.212 

0.910 

319.853 

0.641 

500 

a  leonis   .     .     .•    . 

1755 

- 

9 

55 

17.835 

+  321.432 

—  1.045 

+  323.179 

—  1.  747 

+0.004 

1850 

• 

10 

0 

22.  728 

320. 454 

I. on 

322.200 

1.746 

1900 

- 

10 

3 

2.829 

319.953 

0.992 

321.695 

1.742 

501 

B.  A.  C.  3460  .     . 

1755 

I 

9 

55 

39. 228 

+  332.028 

1.467 

+  331.  758 

-f  0.270 

1850 

7 

10 

0 

53.998 

330. 652 

1.429 

330. 391 

0.261 

502 

16  Sextantis     .     .     . 

1755 

3 

9 

56 

23. 214 

+  315.928 

—  0.  736 

+  315.873 

+  0. 055 

1850 

«3 

10 

I 

23.022 

315.248 

0.697 

315. 188 

0.060 

503 

34  Leonis  .... 

»755 

3 

9 

58 

25. 645 

-f  324. 922 

i.'34 

-h  324. 568 

+  0. 354 

1850 

20 

10 

3 

33-  814 

323.  ?-63 

1.097 

323. 507 

0.356 

504 

19  Sextantis     . 

>755 

5 

10 

0 

2.535 

+  313.299 

—  0.650 

+  313  805 

—  0.506 

1850 

3 

10 

4 

59.881 

312.699 

0.615 

313.204 

0.505 

505 

32  Ursae  Majoris  .     . 

1755 

5 

9 

59 

55.09 

+  457.91 

—12. 14 

+  459. 58 

—  1.67 

1800 

- 

ID 

3 

19.94 

452. 50 

11.89 

454. 15 

1.65 

1850 

•         • 

10 

7 

4.72 

446.62 

11.62 

448.26 

1.64 

1900 

• 

10 

10 

46.59 

+  440. 87 

-11.35 

+  442.50 

-1.63 

506 

B.  A.  C.  3506  .     . 

1850 

14 

10 

8 

5.434 

+  328.499 

—  1. 361 

-h  328. 147 

+  0. 352 

507 

37  Leonis  .     .     . 

1755 

5 

10 

3 

29.931 

+  324. 103 

—  1. 146 

+  324.368 

—  0.265 

1850 

23 

10 

8 

37.317 

323. 032 

1. 108 

323. 298 

0.266 
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DECLINATIONS. 


No. 

Star. 

• 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Stnive's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0     1       II 

// 

// 

II 

II 

II 

489 

23  Leonis  .... 

7.5 

«755 

+  14  II  59.60 

—  1635.06 

—  27.06 

—  1632. 18 

—  2.88 

6.3 

1850 

13  45  54-  24 

1660.30 

26.08 

1657. 50 

2.80 

490 

11  Leonis  .... 

3.0 

1755 

-f  27    8  52.04 

—  1642.89 

—  28. 21 

—  1637.41 

-5.48 

4-  0.14 

4.0 

1850 

26  42  38.  74 

1669. 14 

27.06 

1663  84 

5.30 

1900 

26  28  40.81 

1682.  52 

26.46 

1677. 30 

5.22 

491 

9  Sextantis     .     .     . 

7.0 

«755 

4-65  16.49 

1649.17 

25.38 

—  1650.05 

4-0.88 

6.9 

1850 

5  38  58. 46 

1672. 86 

24.49 

1673.  77 

0.91 

492 

10  Sextantis     .     .    '. 

6.0 

1755 

-h  10    4  57.44 

—  1659.67 

25.40 

—  1660.60 

+  0.93 

6.0 

1850 

9  38  29. 44 

1683. 35 

24.47 

1684.34 

0.99 

493 

26  Leonis  .... 

7.5 

'755 

+  16  22  42.99 

—  1671.41 

—  25.91* 

—  1667.54 

-3.87 

7.7 

1850 

15  56    3.61 

1695-  55 

24.90 

1691.  70 

3-85 

494 

V  Leonis        ... 

5.5 

1755 

4-  13  36    8.00 

—  1671.26 

—  25. 65 

—  1668.38 

—  2.88 

5-3 

1850 

13    9  28.  ^ 

1695. 16 

24.67 

1692. 23 

2.93 

495 

II  Sextantis     . 

6.0 

1755 

+    9  28  19. 37 

—  1672. 15 

—  25. 15 

—  1668.92 

—  3.23 

6.0 

1850 

9     I  39.62 

1695.60 

24.22 

1692. 36 

3.24 

496 

tr  Leonis  .     .     .     - 

4.5 

1755 

4-    9  12  30.00 

—  1681.35 

—  24.77 

—  1679. 14 

—  2.21 

5.2 

1850 

8  45  41.68 

1704.42 

23.82 

1702.20 

2.22 

497 

14  Sextantis     .     .     . 

6.0 

1755 

+    6  47  42. 30 

—  1711.  II 

-  23. 25 

—  1 710. 61 

— -  0.50 

6.6 

1850 

6  20  26.40 

1732.76 

22.34 

1732.29 

0.47 

498 

17  Leonis  .... 

3.5 

1755 

-h  17  56  46.75 

—  1710.46 

—  24.43 

—  1710.52 

4-0.06 

3-3 

1850 

17  29  30-97 

1733- 17 

23.39 

1733.16 

—  O.OI 

• 

499 

A  Leonis  .... 

5.0 

1755 

+  II  II  15.35 

—  1720.69 

—  23. 46 

—  1714.S0 

-5.89 

4.7 

1850 

10  43  50. 26 

1742.52 

22.50 

1736.66 

5.86 

500 

a  Leonis   ... 

i.o 

1755 

4-  13    9  15-16 

—  1716.96 

—  23.41 

—  171^.70 

—  0.26 

+  0.13 

'3 

1850 

12  41  53.64 

1738.73 

22.43 

1738.60 

0.13 

1900 

12  27  21.50 

1749.81 

21.91 

1749.74 

0.07 

501 

B.  A.  C.  3460  .     . 

7.8 

1755 

-h  19  43  25.  23 

—  1724.62 

—  24.29 

—  X718.31 

~-  6.31 

6.3 

1850 

19  15  56.05 

1747.19 

23.22 

1740.82 

6.37 

502 

16  Sextantis     .     .     . 

6.0 

1755 

-f     7  21  41.41 

—  1722.91 

—  22. 95 

—  1721.64 

—  1.27 

6.9 

1850 

6  54  14.46 

1744.26 

22.00 

1742.96 

1.30 

503 

34  Leonis  .... 

6.0 

1755 

+  14  33  13. 57 

-  1733-56 

—  23. 26 

—  1730.73 

—  2.83 

6.3 

1850 

14    5  36.34 

1755. 18 

22.26 

i 

1752.34 

2.84 

1 

504 

19  Sextantis     .     .     . 

7.0 

1755 

+    5  48  54-  71 

—  1737.98 

—      22.06 

-  1737.80 

—  0.18 

1 

6.2 

1850 

5  21  13.81 

1758.50 

21.  15 

1758.41 

0.09 

505 

32  Ursae  Majoris  .     . 

5.5 

1755 

-f-  66  19    1.22 

—  1739.97 

-  32. 55 

—  1737.28 

—  2.69 

1800 

66    5  54.97 

1754.36 

31-30 

1751.72 

2.64 

6.0 

1850 

65  51  13-94 

1769.66 

29.95 

1767.08 

2.58 

1900 

65  36  25. 43 

1784.28 

28.64 

1 781.  76 

2.52 

506 

B.  A.  C.  3506  .     . 

6.0 

1850 

4-  18  29    5. 14 

—  1773.63 

—  21.  74 

1771.25 

—  2.38 

507 

37  Leonis  .... 

6.0 

1755 

4-  14  56  26. 13 

-  1756.47 

—  22.24 

—  1752.76 

-  3.71 

5.7 

1850 

14  28  27. 59 

1777.12 

21.23 

1773-43 

3.69 
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RIGHT  ASCENSIONS. 


No. 

Star. 

• 

1 

j  Number  of 

• 

m 
m 

) 

m 

I     Right  ascension. 

m 

) 

\ 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

s. 

Sec  var. 

of  proper 

motion. 

J. 

s. 

s. 

J. 

508 

y*  Leonis   .... 

1755 

I( 

)       ID 

6 

25.590 

-h  333.  543 

—  1.560 

+  331.503 

+  2.040 

—0.048 

1850 

3* 

)       ID 

11 

41.  759 

332. 081 

I.  518 

330. 050 

2.031 

1900 

• 

10 

14 

27.611 

331.328 

1.493 

329. 305 

2.023 

509 

23  Sextantis 

1755 

] 

t      10 

8 

22.312 

-f  310.522 

—  0.  516 

4-  3*0. 838 

--  0. 316 

1 

1 

1850 

( 

)      10 

»3 

17.081 

• 

310.051 

0.477 

310.368 

0.317 

510 

42  I^eonis  .... 

'755 

« 

)      10 

8 

37. 925 

+  324. 887 

—  1.207 

+  325. 149 

—  0.262 

1850 

2( 

>       ID 

'3 

46. 028 

323.  756 

1.174 

324.015 

0.259 

:  5" 

43  Leonis  .... 

1755 

1 

* 

>       10 

10 

10. 223 

-f  315.218 

—  0.  734 

+  315.420 

—  0.202 

1850 

l( 

>       10 

15 

9.355 

314.  540 

0.694 

314.  745 

0.205 

- 

1 
1  512 

44  Leonis   .... 

1850 

I^ 

^    10 

17 

20. 675 

+  3'6.995 

—  0.805 

+  3'6.9'3 

-f  0.082 

513 

45  Leonis  .... 

1755 

* 

J    10 

14 

41. 133 

+  3*8. 553 

—  0.893 

-f  3'8.53' 

+  0.022 

' 

1850 

2( 

>    10 

19 

43- 3^3 

317.724 

0.854 

317.703 

0.021 

514 

B.  A.  C.  3579  .     - 

"755 

1 

[    10 

15 

40.987 

4-  322.827 

—  1. 155 

+  323.401 

—  0.574 

1 
1 

1850 

2i 

\    10 

20 

47. 157 

321.  745 

1.1x8 

322. 321 

0.573 

515  '    9(H)  Draconis  .     . 

1755 

10 

13 

27.71 

+  565.93 

—31.44 

+  565.94 

—  O.OI 

1 

'775 

-    10 

15 

20.27 

559.70 

30.84 

559.  71 

O.OI 

1800 

.    10 

17 

39.24 

552.08 

30.11 

552. 10 

0.02 

i 

1825 

10 

19 

56.33 

544.64 

29.40 

544.66 

0.02 

1850 

10 

22 

11.58 

537. 38 

28.69 

537. 40 

0.02 

1875 

10 

24 

25.04 

530. 3<^ 

28.00 

530. 32 

0.02 

1900 

.        ID 

26 

36.74 

+  523. 38 

-27. 33 

+  523.41 

—  0.02 

!     516 

31  Sextantis     .     .     . 

1755 

1 

[        10 

17 

50. 835 

4-  310.881 

—  0. 483 

+  310.422 

+  0. 459 

1850 

( 

)       10 

22 

45.960 

310.442 

0.442 

309.983 

0.459 

5«7 

/■  Leonis  .... 

1755 

( 

;    >o 

19 

5.330 

-f-  322.320 

—  1. 142 

-h  322. 688 

—  0.368 

1850 

i: 

J   10 

24 

11.027 

321.256 

1.097 

321.626 

0.370 

518 

32  Sextantis     .     .     . 

1755 

% 

\    10 

19 

34.108 

+  312. 583 

—  0.600 

+  312.856 

—  0. 273 

1850 

e 

>    10 

24 

30.798 

312.033 

0.559 

312.305 

0.272 

519 

p  I^eonis   .... 

1755 

( 

;    10 

19 

53. 278 

+  317.527 

—  0.852 

+  317.546 

—  0.019 

1850 

33^ 

)   10 

24 

54.554 

316.  737 

0.810 

3 '6.  756 

0.019 

1900 

- 

10 

27 

32. 822 

316.337 

0.787 

316.357 

0.020 

520 

48  Leonis   .... 

1755 

( 

;    10 

22 

0. 128 

-f  3'4.2i8 

-.  0.711 

+  314.996 

—  0.  778 

1850 

I' 

\    10 

26 

58.321 

313. 563 

0.670 

314.338 

0.775 

;  521 

49  Leonis  .... 

1755 

^ 

^    10 

22 

9.633 

-f-  316.290 

—  0.812 

+  316.671 

—  0. 381 

1850 

I 

I    10 

27 

9.748 

315.537 

0.774 

315.922 

0.385 

522 

50  Leonis   .... 

1755 

4 

[    10 

•25 

44.253 

-h  323.993 

—  1.247 

+  323.  750 

+  0.243 

1850 

« 

f    10 

30 

51.489 

322. 830 

1.201 

322. 590 

0.240 

523     34  Sextantis     .     .     . 

'755 

4 

[    10 

29 

57.  713 

-h  310.659 

—  0.511 

+  3".  347 

—  0.688 

1850 

Hi 

$    10 

34 

52.615 

3IU.  194 

0.467 

310.881 

0.687 

524 

35  SexUntis  ( 1st  star) 

1755 

A 

^    10 

30 

37.017 

+  3".  916 

—  0. 574 

+  3«2.365 

—  0.449 

1850 

( 

>    10 

35 

33.085 

3".  393 

0.529 

3". 842 

0.449 

STANDARD  CLOCK  AND  ZODIACAL  STARS. 


231 


DECLINATIONS. 


No. 

Star. 

1 
Epoch. 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

• 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0     /      tf 

II 

// 

// 

// 

// 

508 

7*  Leonis  .... 

2.0 

1755 

-f  21     4  14.08 

—  1779.47 

—  22.52 

—  '765.09 

—'4. 38 

—  0. 14 

2.0 

1850 

20  35  53. 60 

1800. 33 

21.41 

1785.82 

14.5' 

1900 

20  20  50.  78 

1810.89 

20.83 

1796.30 

'4.59 

509 

23  Sextantis     .     .     . 

6.0 

1755 

•f    3  30  46.  7' 

—  1773.57 

—  20.42 

—  1773." 

—  0.46 

6.6 

1850 

3    2  32.  74 

1792.54 

19.52 

1792.  II 

0.43 

510 

42  I.«onis  .... 

6.0 

'755 

4-  16  12    6.22 

'777.73 

—  21.36 

-  '774.20 

-  3.53 

6.0 

1850 

'5  43  47.87 

'797.52 

20.31 

1 794. 00 

3.52 

5" 

43  Leonis  .... 

6.  0 

"755 

-h     7  46  39. 27 

1791.56 

—  20.42 

-  1780.44 

— II. 12 

6.5 

1850 

7  18    8.22 

1810.  51 

19.48 

1799.4' 

II.  10 

512 

44  Leonis  .... 

6.0 

1850 

+    9  32  43. 68 

—   1812. 16 

—  19.26 

—  1807.  78 

-4.38 

513 

45  Leonis  .... 

6.0 

1755 

+  II    0    7.55 

—  1798.33 

-  '9. 87 

-   '798.33 

0.00 

6.0 

1850 

'0  31  30-  33 

1816.  74 

18.88 

1816.  70 

—  0.04 

514 

B.  A.  C.  3579  .     - 

•                 m 

'755 

4-  '5  35  12.35 

—  1804.09 

—  19.95 

—  1802.06 

—  2.03 

7.2 

1850 

15    629.63 

1822.  54 

18.92 

1820. 63 

I.91 

515 

9  (H)  Draconis  .     . 

5.5 

'755 

-h  76  57  39.57 

'795- '5 

—  36.  24 

—  '793.54 

—  1. 61 

'775 

76  51  39.82 

1802. 30 

35.22 

1800.69 

1. 61 

1800 

76  44    8. 16 

1810.95 

34.01 

1809.34 

1.61 

1825 

76  36  34. 38 

1819.30 

32.82 

1817.69 

1. 61 

4.7 

1850 

76  28  58.  55 

'827. 35 

31.66 

1825.  74 

1. 61 

1875 

76  21  20.  73 

'835-  '4 

30.54 

'833. 53 

1.61 

1900 

-f  76  13  41.00 

—  1842.64 

—  29.44 

—  1841.03 

—  1. 61 

516 

31  Sextantis     .     .     . 

7.0 

'755 

+     3  24    O.OI 

~  1815.05 

18.80 

—  1810.44 

4.61 

7.0 

1850 

2  55    7. 37 

1832. 47 

17.88 

'827. 83 

4.64 

sn 

i  Leonis  .... 

6.0 

1755 

-h  15  23  II.  18 

—  1813.81 

—  '9.3' 

—  1815.08 

+  1.27 

5.7 

1850 

14  54  '9-  52 

1831.65 

18.26 

1832. 90 

1.25 

518 

32  Sextantis     . 

7.0 

'755 

-f    5  53  4'.  01 

—  1814.67 

-  '8. 55 

—  1816.88 

-f  2.21 

8.0 

1850 

5  24  48. 84 

1831.85 

17.62 

1834. 07 

2.22 

519 

p  I.«oms  .... 

4.0 

'755 

+  '0  33  32. 85 

—  1818.94 

-  18.  79 

—  1818.06 

—  0.88 

3-9 

1850 

10    4  36.51 

1836.34 

'7.83 

1835.46. 

0.88 

• 

1900 

9  49  16. 13 

'845.  '3 

17.33 

1844.25 

0.88 

520 

48  Leonis  .... 

5-5 

'755 

-h    8  12  25.93 

—  1821.29 

—  18. 18 

—  1825.81 

+  4.52 

5.5 

1850 

7  43  27. 64 

1838.  II 

• 

17.22 

1842.66 

4.55 

521 

49  Leonis   .... 

6.0 

'755 

4-    9  54  30. 45 

—  1827.91 

18.34 

—  1826.41 

—  1.50 

6.0 

1850 

9  25  25.80 

1844.89 

17.40 

'843. 32 

'57 

522 

50  Leonis  .... 

6.5 

'755 

+  17  23  41.45 

—  1841.97 

—  18. 12 

—  1839. 12 

—  2.85 

6.3 

1850 

16  54  23.  56 

1858.69 

17.08 

1855. 83 

2.86 

523 

34  Sextantis     .     .     . 

6.0 

1755 

+    4  51  21.99 

—  1852.07 

—  16.51 

—  1853.61 

+  '.54 

6.7 

1850 

4  21  55.21 

1867. 32 

15.58 

1868.88 

1.56 

524 

35  Sextantis  ( I  St  star) 

7.0 

1755 

4-    6    I  32.80 

—  1862.52 

—  16.48 

—  '855.  79 

-6.73 

6.2 

1850 

5  3'  56.  '2 

1877.  72 

'5.53 

1871.04 

6.68 

232 


STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


No. 


525 


526 


527 


528 


529 


530 


531 


532 


533 


534 


535 


536 


537 


538 


539 


540 


541 


542 


Star. 


36  Sextantis 


37  Sextantis 


k  I.eonis   . 


J7  Argus 


38  Sexlantis 


/  Leonis 


55  I^onis  . 


56  Leonis  . 


57  Leonis  . 


d  Leonis 


c  Leonis 


a  Ursae  Majoris  . 


/*  Leonis 


X  Leonis 


/3  leonis 


/<  Leonis   . 


f*  leonis 


()  Leonis 


I 


755 
850 

755 
850 

755 
850 

850 

875 
900 

755 
850 

755 
850 

900 


O     C 

u  .2 


3 


5 
14 

4 

28 

5 
18 


5 
13 

5 
265 


Right  ascension. 


755 

5 

850 

II 

755 

I 

850 

6 

755 

2 

850 

6 

755 

5 

850 

130 

755 

5 

850 

30 

755 

10 

850 

576 

900 

- 

755 

5 

850 

9 

755 

5 

850 

190 

755 

5 

850 

18 

755 

•    • 

850 

6 

755 

5 

850 

27 

755 

5 

850 

746 

900 

•    • 

h,     m. 


o 
o 

o 
o 

o 
o 


o 
o 

o 
o 

o 
o 

o 
o 

o 
o 
o 

o 
o 

o 
o 

o 
o 


32 

37 

33 
38 

33 
38 


o  39 

o  40 

o  41 

o  34 

o  39 

o  36 

o  41 

o  44 

o  43 

o  47 


43 
48 

43 
48 

47 
52 

48 
52 

48 
54 

57 

5' 

55 

52 
57 

54 
59 

56 
I 

I 
6 


X. 

3»-454 
25. 630 

19.214 
16.917 

25. 120 
28. 329 

15-22 
12.91 
10.74 

33-946 
30. 920 

21.402 

22. 142 

0.125 

5-677 
59.296 

17-243 
14.038 

35-  930 
28.811 

53. 956 
48.  745 

2.  lOI 

58. 157 

22. 731 
25.606 

33. 571 

4.022 

55-  873 

21.908 
16.634 

24. 137 
15-050 

42. 629 
34.084 

12.806 
4.837 


I   2.517 
6   7.468 

8  47.476 


Centennial 
variation. 


s. 
4-  309.862 

309-  463 

+  313-675 
313-077 

4-  319.682 
318.663 

+  230.50 
231.04 
231.  58 

-f-  312.901 
3«2.3i5 

+  316.974 
316. 170 

315-  765 

-f  309-215 
308. 937 

-I-  312.690 
312. 143 

-f  308.431 
308. 169 

+  310.509 
310. 107 

+  3'i.904 
311.380 

-f  386.039 

377-977 
373-900 

-h  307.321 
307. 1 10 

-f  310.525 
309. 959 

+  306.373 
306. 082 

+  306. 859 
306.740 

+  307.485 
307. 325 

-f-  321.660 
320. 350 
319.684 


Secular 
variation. 


J. 

—  o.  437 
0.403 

—  o.  652 
0.606 

—  1.097 
1.049 

+  2.13 
2. 16 
2.20 

—  0.641 
0.594 

—  0.870 
0.823 
0.797 

—  0.317 
0.270 

—  0.600 
0.553 

—  0.300 
0.252 

—  0.448 
0.399 

—  o.  576 
0.528 

—  8.  704 
8.267 
8.040 

—  o.  246 
o.  198 

—  0.624 
0.570 

—  o.  330 
0.283 

—  o.  150 
o.  101 

—  0.194 
0.143 

—  1. 410 

1.348 
I.3I5 


Struve's 
precession. 


J. 
+  310.278 

309. 875 

+  313-638 
313.042 

+  320.655 
319.642 

-h  230.70 
231.24 
231.  78 

+  313- 524 
312.936 

+  317.001 
316. 196 

3>5-79i 

+  308. 564 
308. 285 

+  312.  770 
312.223 

-I-  308.321 
308^061 

+  310.566 
310. 165 

+  312.371 
311.846 

+  387. 947 
379-  857 
375-  761 

-*-  307-906 
307. 697 

+  312.920 
312.350 

-f  309. 161 
308. 871 

-h  306.989 
306. 870 

+  307-  742 
307-  583 

+  320.652 

319.347 
318. 685 


Proper 
motion. 


X. 

—  o.  416 
0.412 

+  o.  037 
0.035 

—  o.  973 
0.979 

—  0.20 
0.20 
0.20 

—  o.  623 
0.621 

—  0.027 
0.026 
0.026 

+  0.651 
0.652 

—  0.080 
0.080 

4-  o.  1 10 
o.  108 

—  0.057 
0.058 

—  0.467 
0.466 

—  1.908 
1.880 
1. 861 

—  o.  585 

0.587 

—  2. 395 
2.391 

—  2.788 
2.789 

—  o.  130 
0.130 

—  o.  257 

0.258 

+  1.008 
1.003 
0.999 


dCC  vai*. 

of  proper 

motion. 


s. 


>.oo8 


007 


STANDARD  CLOCK  AND  ZODIACAL  STARS. 
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DECLINATIONS. 


No. 

Star. 

^ 

S 

i 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0    '        // 

II 

// 

// 

// 

// 

525 

36  Sextantis     .     .     . 

6.0 

'755 

4-    3  46    8. 96 

—  1863.70 

—  16.01 

—  1862.07 

—  1.63 

• 

6.6 

1850 

3  16  31.36 

1878.47 

15.09 

1876.86 

1. 61 

526 

37  Sextantis     .     .     . 

6.0 

1755 

+    7  39  26. 16 

—  1868.43 

—  16.13 

—  1864.61 

—  3.82 

6.3 

1850 

7    9  44. 03 

1883. 29 

15. 16 

1879. 50 

3.79 

527 

k  Leonis  .... 

6.0 

1755 

-f  15  28  53.20 

—  1872.92 

-  16.35 

—  1864.97 

-  7.95 

5-7 

1850 

14  59    6.  70 

1887. 97 

15.33 

1880.07 

7.90 

528 

n  Arsiis    .     .     .     . 

1850 
1875 

-  58  53  48.  72 
59    I  39.76 

—  1882.8^ 

—  10.  78 
10.67 

—  1882.45 
1885. 12 

—  0.38 
0.39 

'/         •i^'g**^                .... 

1885.51 

1900 

59    9  3«.47 

1888.17 

10.56 

1887.  77 

0.40 

529 

38  Sextantis     .     .     . 

7.0 

1755 

+    7  37  53-  23 

—  1867.90 

-  15.  79 

—  1868.66 

4-0.76 

7.8 

1850 

7    8  11.75 

1882.44 

14.83 

1883.  23 

0.79 

530 

/  Leonis  .... 

6.0 

1755 

+  II  50    5- 5' 

—  1877. 19 

—  15.69 

—  1874.31 

—  2.88 

0.00 

5-3 

1850 

II  20  15.24 

1891.63 

14.69 

1888.75 

2.88 

1900 

II    4  27.61 

1898. 85 

14.17 

1895.97 

2.88 

531 

55  Leonis  .... 

6.0 

»755 

+    2    2  15. 18 

—  1895.93 

—  14.  II 

—  1894.56 

—  1.37 

6.2 

1850 

I  32    7.83 

1908.89 

13.18 

1907. 45 

1.44 

532 

56  Leonis  .... 

7.0 

»755 

+    7  29  II.  51 

—  1895.01 

—  14.17 

—  1895. 10 

4-  0.09 

6.6 

1850 

6  59    5. 01 

1908.01 

13.20 

1908. 11 

0. 10 

533 

57  Leonis  .... 

7.0 

1755 

-f    I  44    4.95 

—  1898. 16 

—  13.91 

—  1896.00 

—  2. 16 

6.9 

1850 

I  13  55. 56 

1910.94 

12.99 

1908.77 

2. 17 

534 

d  Leonis  .... 

5.0 

1755 

+    4  55  39. 21 

—  1910.  79 

—  »3. 23 

-  1907.95 

—  2.84 

5.3 

1850 

4  25  18.21 

1922. 89 

12.26 

1920. 07 

2.82 

535 

c  leonis  .... 

5.5 

»755 

+    7  24  43:  ^^ 

—  1910.59 

13.21 

—  1908.34 

—  2.25 

5.3 

1850 

6  54  22. 14 

1922. 68 

12.25 

1920. 46 

2.22 

536 

a  Ursx  Majoris  .     . 

'5 

1755 

4-  63    4    1.85 

—  1916.08 

—  16.32 

—  1909.32 

—  6.76 

4-0.08 

2.0 

1850 

62  33  34.46 

1930.  79 

14.64 

1924. 1 1 

6.68 

1900 

62  17  ^7.27 

1937. 89 

13.76 

1931.25 

6.64 

537 

f*  Leonis  .           .     . 

6.0 

1755 

+    I  18  48. 08 

—  1917.66 

—  12.48 

—  1916.32 

—  1.34 

5.4 

1850 

0  48  20.81 

1929. 08 

11.56 

1927.  78 

1.30 

538 

X  Leonis  .... 

4.5 

1755 

+    8  39  18.09 

—  1924.06 

—  12.29 

—  1919.  73 

—  4.33 

4.8 

1850 

8    8  44. 84 

1935. 28 

"33 

193 I  00 

4.28 

539 

/»  Leonis   .... 

5-5 

1755 

+    316  49. 58 

—  1933. 56 

~  11.68 

—  1924.83 

-8.73 

5-9 

1850 

2  46    7.56 

1944.24 

10.81 

«935-  59 

8.65 

540 

/♦  Leonis  .... 

7.0 

1755 

—    0    0  37.46 

~  1930.  75 

-  11.37 

—  1930.42 

—  0.33 

6.9 

1850 

0  31  16.66 

1941.  II 

10.44 

1940. 82 

0.29 

541 

/*  Leonis  .... 

5.5 

1755 

-f     I  15  34.41 

—  1942.00 

—  10.54 

—  1940.81 

—  1. 19 

5.7 

1850 

0  44  44.90 

1951.57 

9.60 

1950. 39 

1. 18 

542 

d  I.,eonis   .... 

3.0 

1755 

4-  21  51  42.84 

—  1954.61 

-  11.15 

—  1940.42 

—14.19 

—  0.04 

2.3 

1850 

21  20  41.09 

1964.71 

10.09 

1950. 48 

14.23 

1900 

21    4  17.50 

1969.61 

9.53 

1955. 36 

14.25 

^34 


STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


No. 


Star. 


543 
544 

545 
546 

547 


548 


549 


550 


551 


552 


553 


554 


555 


556 


557 


558 


559 


560 


B.  A.  C.  3837 
0  Leonis  .     . 

75  Leonis  .     . 

76  Leonis  . 
6  Crateris 


a  Leonis 


c  I^eonis 


79  Leonis  . 


82  Leonis 


80  Leonis  . 


83  Leonis 


T  Leonis 


?.  Draconis 


e  Leonis 


89  Leonis 


t;  Leonis 


u  Virginis 


^  Virginis 


I 


(^      (A 

o   c 

o 


a 


850 

755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
800 

850 

900  ; 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 


5 
39 

5 
II 

5 
271 


5 
6 

5 
17 


Right  ascension. 


17 

5 
33 

5 
II 

5 
4 

5 
454 

5 
146 

5 
31 

4 
15 

I 

9 

5 
5 

5 
25 

5 
201 


Centennial 
variation. 


w.  J. 

6.  14.025 

4  12.473 

9  2- 193 

4  40.  768 

9  34.275 

6  20. 352 

II  13.002 

7  6. 552 ; 

II  50.691 

14  20. 461 

8  29. 521 

13  24. 010 

1 1  8. 252 

16  6. 157  : 

II  27.873 

16  20.475 

13  3- 225 

17  56.727 

13  14. 203 

18  7. 485 

14  21.020 

19  9.671 

15  19.986 

20  13.354 
22  47.674 

16  32.  76 
19  21.55 
22  26. 28 

25  28.15 

17  47.993 
22  39. 076 

21  49.286 

26  41.286 

24  24.393 

29  16. 154 

31  49.716 

25  48.970 

30  43.443 

32  38.615 
37  33.032 


J. 
+  312.460 

+  304-961 
304. 986 

+  309.085 
308. 832 

-f-  308. 168 
307. 947 

-f  298.815 
299.381 
299.  700 

+  310.209 
309.  778 

+  313-919 
313.257 

-f-  308.096 

307.913 

+  309.090 
308. 818 

+  308. 871 
308.574 

+  303.966 
303.  728 

+  308.932 
308. 693 
308.589 

+.  377. 80 
372. 37 
366.56 

360.98 

+  306. 376 
306. 438 

+  307.481 
307. 265 

-f-  307. 126 
307.116 

307. 132 

4.  310.203 
309.  749 

+  310. 131 
309.  704 


Secular 
variation. 


Struve*s 
precession. 


s, 
-0.578 

+  o.  001 
0.052 

—  0.290 
0.240 

—  o.  259 
0.208 

-h  0.568 

0.623 
o.  653 

—  0.480 
0.428 

—  o.  725 
0.669 

—  O.  220 

O.  166 

—  0.312 
0.260 

—  0.340 
0.287 

—  o.  277 
0.226 

—  0.278 
0.226 

0.195 

—12.  30 
11.85 

".37 
10.92 

+  0.039 
0.091 

—  o.  254 

O.  200   ! 

—  0.040 

4-  0.019  I 
0.047 

—  0.506 

0.451 

—  0.478 
0.421 


S, 
+   312.034 

+  305.692 
305.  718 

+  308.876 
308.  622 

+   308.617 

308. 397 

-f  299.677 
300. 240 
300. 559 

+  3J0.852 
310.421 

+  312.948 
312.289 

-f  308.346 
308. 163 

-f  309.208 
308. 937 

-f-  309.466 
309. 168 

+  309-  007 
308.764 

+  308.901 
308. 663 
308.  558 

+  378.91 

373. 46 
367. 64 

362. 05 

-h  306.290 
306. 352 

+  308. 710 
308. 495 

-h  307. 187 
307. 1 78 

307. 194 

-f  3^0.318 
309.866 

4-  309.696 
309. 270 


Proper 
motion. 


4-  0.426 


—  o 
o 

-h  o 
o 

—  o, 
o, 

—  o 
o 
o 

—  o, 
o 

-f  o 
o 

—  o 
o 

—  o 
o 

—  o 
o 

—  5 
5 

+  0 
o 
o 

—  I 
I 
I 
I 

+  0 

o, 

—  I 
I 

—  o, 
o 
o 

—  o 
o, 

+  0 

o 


73» 
732 

209 
210 

449 
450 

862 
859 
859 

643 
643 

971 
968 

250 
250 

118 
119 

595 
594 

041 
036 

031 
030 
031 

II 

09 
08 

07 

086 
086 

229 
230 

061 
062 
062 

"5 
"7 

435 
434 


Sec.  var. 

of  proper 

motion. 


X. 


4-0. 001 


4-0. 001 


STANDARD  CLOCK  AND  ZODIACAL  STARS. 
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DECLINATIONS. 


No. 

Star. 

• 

ex 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Secvar. 

of  proper 

motion. 

0    '        " 

/» 

/> 

// 

II 

// 

543 

B.  A.  C.  3837  .     . 

6.3 

1850 

-f    8  52  49. 98 

—  i960.  50 

—    9.77 

—  1950.  70 

—  9.80 

544 

9  Leonis  .... 

5.0 

1755 

—    2  18  58.05 

—  1952. 19 

—    9.86 

—  1947. 32 

—  4.87 

4.2 

1850  j          2  49  56.94 

1961. 12 

8.95 

1956.26 

4.86 

545 

75  Leonis  .... 

5.5 

1755 

-h    3  21  14.87 

—  1964,60 

9.99 

—  1948.26 

—16. 34 

5-7 

1850 

2  50    4. 14 

1973-  63 

9.04 

1957.28 

16.35 

546 

76  Leonis  .... 

6.0 

1755+2  59  23.82 

1958.31 

-9.58 

—  1951.  71 

—  6.60 

6-3 

1850 

2  28  19.25 

1966.96 

8.63 

i960. 38 

6.58 

547 

6  Craleris       .     .     . 

3-5 

1755 

—  13  27  20.51 

—  1934- 94 

—  9.  II 

—  1953.25 

+18.31 

+  0.03 

■ 

3-8 

1850           13  58    2.68 

1943. 18 

8.24 

1961.52 

18.34 

1900  ,         14  14  15.28 

1947. 18 

7.78 

1965.  54 

18.36 

548 

a  Leonis  .... 

4.0 

1755     +    7  22    5.65 

1957. 19 

—  9.24 

—  1956.00 

—  1. 19 

4.1 

1850 

6  51    2.29 

1965.  52 

8.28 

1964. 33 

1. 19 

549 

I  Leonis  .     .     ... 

4.0 

1755 

-h  II  52  32.23 

—  1969.37 

—  8.88 

—  1961.03 

-8.34 

4.0 

1850 

II  21  17.48 

>977. 33 

7.88 

1968.95 

8.38 

550 

79  Leonis   .... 

5.5 

1755     -h    2  44  57.45 

—  1962.87 

—  8.60 

—  1961.63 

—  1.24 

6.0 

1850            2  13  49. 00 

1970.  58 

7.64 

1969.36 

1.22 

551 

82  Leonis  .... 

7.0 

1755 

+     43851.66 

—  1969.94 

-  8. 37 

—  1964.50 

—  5.46 

6.9 

1850 

4    7  36.  59 

1977.44 

7.41 

1971.96 

5.48 

552 

80  Leonis  .... 

7.0 

1755+5  12  23.59 

—  I9V0.95 

—  8.27 

—  1964.84 

—  6.  II 

6.5 

1850           4  41     7.60 

1978. 35 

7.32 

1972. 25 

6. 10 

553 

83  I^eonis   .... 

8.0 

1755 

+    4  20  43.  54 

—  1949. 18 

-  7.78 

1966.79 

+17.61 

( 

6.5 

1850 

3  49  48. 44 

1956. 14 

6.88 

1973. 88 

17.74 

554 

T  leonis  .... 

4.0 

1755 

-f    4  12  10.01 

—  1970.57 

-  7.89 

—  1968.46 

—  2.  II 

—  O.OI 

5.3 

1850            3  40  54. 56 

1977. 61 

6.93 

1975-  50 

2.  II 

1900 

3  24  24.92 

1980.94 

6.43 

1978. 84 

2. 10 

555 

A  Draconis     .•    .     . 

3.5 

>755     +  70  40  48.10 

1972. 59 

-9.51 

—  1970.50 

—  2.09 

1800 

70  25  59.48 

1976.  71 

8.70 

1974. 63 

2.08 

3.3 

1850 

70    9  30.08 

1980.83 

7.85 

1978.  76 

2.07 

1900 

69  52  58.  72 

1984. 55 

7.00 

1982. 49 

2.06 

556 

t  Leonis  .... 

4.5 

1755 

—    I  39  16.94 

-  1973.88 

-  7-35 

-  1972.55 

-  1.33 

5.3 

1850 

2  10  35.30 

• 

1980.41 

6.41 

1979. 07 

1.34 

557 

89  Leonis  . 

6.0 

1755 

+    4  25     7. 41 

—  1989.  75 

-6.56 

1978. 68 

—11.07 

6.2 

1850 

3  53  34. 33 

1995. 53 

5.6. 

1984.49 

11.04 

558 

V  Leonis  .... 

4.5 

1755 

+    0  31  36.93 

7-  1978.80 

—  6.09 

—  1982.30 

+  3.50 

0.00 

• 

4.4 

1850 

+    00  14.46 

1984. 14 

5-14 

1987. 64 

3.50 

1900 

—    0  16  18.23 

1986.58 

4.64 

1990.08 

3.50 

559 

u  Virginis 

6.5 

1755 

+    9  29  20. 94 

—  1986.31 

-5.87 

—  1984. 18 

—  2.13 

5.9 

1850 

8  57  51.44 

1991.43 

4.90 

1989. 29 

2.14 

560 

^  Virginis       .     .     . 

5.5 

1755 

+    9  37    7. 56 

—  1995. 18 

—  4.54 

—  1992. 18 

—  3.00 

5-3 

1850 

9    5  30. 25 

1999.03 

3.57 

1996.02 

3.01 

13 
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STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


Star. 


i>  Virginis 


562  I  A*  Virginis 


563  ,    /3  Leonis 


564       3  Virginis 


565 


B.  A.  C.  4006 


566  '     y  Vtsx  Majoris 


567     A*^  Virginis 


568 


B.  A.  C.  4039 


569       d  Virginis 


570  ,    n  V^irginis 


57>  i     0  Virginis 


572       a  Corvi 


573     10  Virginis 


574  '  II  Virginis 


575 


4  (H)  Draconis  . 


576       y  Corvi 


a. 


755 
850 

755 
850 

755 
850 

900 

755 
850 

900 

755 
850 

755 
850 

900 


<4^ 

• 

CA 

0 

C 

r> 

u 

•p* 

OS 

> 

3 

V 

;^ 

-5 

0 

Right  ascension. 


755 
1.850 

900 

755 
850 

755 
850 

755 
850 

755 

775 
800 

825 

850 

875 
900 

755 
850 

900 


5 

57 

5 
II 

20 


10 
129 

2 
26 

10 
390 


755 

5 

850 

5 

755 

2 

850 

9, 

755 

5 

850 

26 

755 

5 

850 

160 

5 
189 

5 
5 

5 
43 

4 
II 


25 


m. 


s. 


33  «5-555 

38  8.914 

35  '8.978 

40  12.378 

36  32. 622 

41  24.3"5 

43  57.567 


37 
42 
45 

38 

43 

40 

45 
48 

42 

47 

45 
50 

47 
52 

48 

53 

52 

57 
o 


55-992 
52.910 

29. 161 

31.019 
22. 250 

49.117 

55-  054 
34. 458 

28.460 
21.360 

40. 184 
32. 558 
23.863 
15.923 
18.908 
11.152 

43-  270 
34.012 

6.914 


55  49.504 

o  41. 190 

57  8. 168 

2  o.  168 

57  34.089 

2  24.  708 

0  21.25 

1  22. 34 

2  37.^9 

3  52.56 

5  6.38 

6  19.37 

7  31.58 

3  14. 246 

8  5. 873 
10  39.769 


Centennial       Secular 
variation.       variation. 


s. 
-f-  308.972 

308.  635 

-f  309.051 
308.642 

+  307.414 
306.686 

306. 326 

H-  3J2.587 
312.512 
312.494 

-h  306.422 

306.  705 

I 
+  324.210 

3>9.903 
317.721 

+  308.511 
308. 130 

-f-  307.822 

307.  7" 

-h  307.491 
307. 381 

+  307.  757 
307.502 

+  306.216 
305. 882 

305.  728 

+  306.341 
307.  749 

+  307. 359 
307. 387 

+  305.999 
305. 838 

+  306.99 
304.00 

300.40 

296.93 

293.60 

290.38 

-\-  287.29 

+  306.456 

307. 505 
308.081 


s. 

—  o.  383 

0.328 

—  o.  459 
0.403 

—  0.795 
0.736 

0.703 

—  o.  107 
0.051 
0.021 

4-  0.266 
0.330 

—  4. 645 
4.423 
4.304 

—  o.  430 
0.373 

—  o.  145 
0.090 

—  o.  144 

0.088 

—  0.297 
0.240 

—  0.381 

0.323 
0.293 

+  1.442 
1.522 

+  0.002 
0.059 

—  o.  197 
o.  141 

-15.13 
14.67 

14.  12 

13.59 

13.09 

12.61 

—  12.  16 

-h  1.074 

1.135 
1. 168 


Struve*s 
precession. 

s. 

+  309. 159 
308. 823 

+  309.429 
309.019 

-f-  310.900 
310. 164 
309.800 

-f-  307.  703 
307. 632 
307.616 

4-  306. 128 
306. 414 

+  323.  coo 
318.699 

316.527 

+  308.  762 
308. 382 

+  307.  705 
307. 593 

-h  307.642 

307. 531 

+  307. 952 
307. 697 

+  307.  753 
307. 416 

307. 261 

+  305. 950 
307. 354 

+  307.092 
307. 121 

+  307. 175 
307.013 

+  305. 94 
302.96 

299.38 

295. 92 

292.60 

289.39 
+  286.31 

-f  307.544 
308. 595 
309.172 


Proper 
motion. 


X. 

—  o.  187 
o.  187 

—  o.  378 
0.377 

-3.486 
3.478 
3.474 

+  4.884 
4.880 
4.878 

+  0.294 
0.293 

4-  1.210 
1.204 

1.194 

—  0.251 
0.252 

-f  o.  117 
o.  118 

—  o.  151 

0.150 

—  o.  195 
0.195 

—  1.537 
1.534 
'.533 

+  o.  391 

0.395 

4-  0.267 
0.266 

—  1. 176 
1.175 

+  1.05 
1.04 
1.02 
1. 01 
1. 00 
0.99 

-h  0.98 

—  1.088 
1.090 
1. 091 


Sec.  var. 

of  proper 

motion. 


X. 


+0.009 


.016 
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DECLINATIONS. 


No. 

Star. 

til 

1^< 

Epoch. 

Declination. 

Centennial 
variation. 

Secular 
variation. 

II 

Struve's 
precession. 

Proper 
motion. 

Sec.  var. 
of  proper 
motion,    i 

1 

0   '        /' 

// 

II 

// 

I 

// 

1 

561 

V  Virginis       .     .     . 

4.5 

«755 

4-    7  54    2. 76 

—  2010.58 

—  4.42 

—  1992.  79 

—17.79 

1 

4.0 

1850 

7  22  10.87 

2014.31 

3.44 

"996. 53 

17.78 

i 

562 

A^  Virginis       .     .     . 

S-5 

1755 

-f    9  36  20. 16 

—  1994.80 

-3.98 

—  1994.83 

4-  0.03 

1 

1 

S.8 

1850 

9    4  43-  45 

1998.13 

3.02 

1998. 16 

0.03 

563 

P  I^onis  .... 

2-5 

1755 

-f  15  56  26  48 

—  2007.92 

—  3.67 

—  1995.96 

— 11.96 

1 

4-  0.04 

2.0 

1850 

15  24  37.44 

2010. 96 

2.73 

1999.04 

11.92 

1 

1 

1900 

15    751-64 

2012. 20 

2.23 

2000.30 

11.90 

1 

1 

564 

(3  Virginis       .     .     . 

3-5 

>755 

+    38  40.51 

—  2025. 34 

—  3-59 

—  '997. 15 

—28. 19 

—  0.05 

3-7 

1850 

2  36  34. 95 

2028. 29 

2.59 

2000.05 

28.24 

1900 

2  19  40.51 

2029. 45 

2.07 

200!.  19 

28.26 

1 

565 

B.  A.  C.  4006  .     . 

* 

1755 

—    3  58  16. 19 

—  1999.88 

—  3.35 

—    1997.64 

—  2.24 

6.1 

1850 

4  29  57. 45 

2002. 61 

2.40 

2000.36 

2.25 

566 

y  Ursae  Majoris  . 

2.0 

1755 

4-  55    3  24. 25 

—  1999.58 

-  3.07 

1999.44 

—  0. 14 

—  0.01 

2-3 

1850 

54  3'  43.41 

2002. 01 

2.01 

2001.86 

0.15 

1900 

54  15    2. 18 

2002. 87 

1-45 

2002. 72 

0.15 

1 

567 

A*  Virginis       .     .     . 

6.0 

1755 

-f    9  48  23. 08 

—  2001.31 

—  2.58 

—  2000.  59 

—  0.  72 

1 

6.1 

1850 

9  16  40.82 

2003.31 

1.62 

2002. 59 

c.  72 

1 

568 

B.  A.  C.  4039  .     . 

7.0 

>755 

-f    4  50  47-  24 

—  2003.97 

-  1.95 

—  2002.54 

—  1.43 

1 

7.5 

1850 

4  19    2.  72 

2005. 37 

0.99 

2003. 94 

1.43 

S69 

d  Virginis       .    *. 

5.5 

«755 

+    5     '  '2.38 

—  2005.50 

—  1.60 

—  2003.42 

—  2.08 

1 

5.8 

1850 

4  29  26. 58 

2006.57 

0.65 

2004. 50 

2.07 

I 

570 

n  Virginis 

5.0 

1755 

H-    7  58  50. 40 

—  2007.  72 

—  1.42 

—  2003.85 

-3.87 

1 

4.9 

1850 

7  27    2.57 

2008.62 

0.47 

2004.  76 

3.86 

1 

1 

1 

57> 

0  Virginis 

.4.5 

'755 

4-  10    5  40.49 

—  2001.68 

-  0.55 

—  2005.46 

4-  3.78 

0.00 

4.2 

1850 

9  33  58.  79 

2001.  75 

+  0.39 

2005.  53 

3.78 

1900 

9  17  17.99 

—  2001.43 

+  0.89 

2005.  21 

3.78 

■ 

572 

a  Corvi     .... 

4.5 

1755 

—  23  21  40.39 

—  2010.82 

-f  0.05 

—  2006. 14 

—  4.68 

4.2 

1850 

23  53  30-  50 

2010. 33 

1. 00 

2005. 64 

4.69 

573 

ID  Virginis       .      .      . 

6.0 

1755  ' 

+    3  16  29.  76 

—  2025. 97 

4-  0.30 

—  2006.30 

—19.67 

6.4 

1850  , 

2  44  25. 38 

2025. 23 

1.25 

2005. 56 

19.67 

574 

II  Virginis       .     .     . 

7.0 

1755  1 

4-    7  10  12.25 

—  2004.85 

4-  0.39 

—  2006.35 

4-  1.50 

1 

6.1 

1850 

.   6  38  27.96 

2004. 03 

'•33 

2005. 53 

1.50 

575 

4  (H)  Draconis  . 

5.0 

1755  1 

4-  78  58  43-  42 

—  2004.36 

4-  0.93 

—  2006.49 

4-  2.13 

1 

1775  1 

78  52    2.  71 

2004. 14 

'13 

2006.27 

2.13 

1800 

78  43  41.  74 

2003. 82 

1.37 

2005. 95 

2.13 

1825 

78  35  20. 84 

2003. 45 

1.60 

2005. 58 

2.13 

4-7 

1850 

78  27    0.02 

2003. 01 

1.82 

2005. 14 

2.13 

1875 

78  18  39.34 

2002. 53 

2.03 

2004. 66 

2.13 

1900 

-f  78  10  18.77 

—  2002.01 

4-  2.24 

—  2004. 14 

4-  2.13 

i 

1 

576 

y  Corvi      .... 

3.0 

1755 

—  16  10  47.69 

—  2004.66 

4-  1.49 

—  2006.23 

4-  1.57 

1 

2.5 

1850 

16  42  31.29 

2002.  79 

2.44 

2004. 36 

1.57 

1900 

16  59  12.36 

2001.45 

2.94 

2003. 04 

1.59 
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577       /3  CTiamaeleontis  . 


578  B.  A.  C.  4134  . 

579  13  Virginis       .     - 


580     14  Virginis 


581       ji  Virginis 


582  I     c  Virginis 


583     17  Virginis 


584      a»  Crucis 


585  I     q  Virginis 


586  ;    /?  Corvi 


'     587  "     K  Eh-aconis 


588  '    /  V 


589  I         B 

590  !    ;r  V 

591  y  V 


592  I  28  V 


593 


594 


38  V 


ij,  V 


rginis 

A.  C.  4254 
rginis 

rginis 

rginis 

rginis 

rginis 


STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT*ASCENSIONS. 


Right  ascension. 


1850 

1875 
1900 

1850 

1755 
1850 

1755 
1850 

1755  ' 
1850 

1900  I 

nss 
1850 

1755 ' 
1850 

1850  I 

1875 1 
1900 

1755  i 
1850 

1755  i 


1850  I 

>755  ' 
1850  I 

1755  I 
1850  I 


A.      fH, 
2    9 


5  ! 

30  : 

.  .  I 

I 

"3  , 

5 
385' 

4 
26 

3 
14 


4 
54 


1900 

J*« 

1755    ■ 

• 

1800    . 

. 

1850    . 

• 

1900 

- 

1755 

4 

1850 

22 

14 

5 
57 

5 
95 


1  '755 

I 

'  1850 

1 
1 

24 

«755 

2 

;  1850 

28 

1755 
1850 


4 
56 


II 
12 

10 

6 
10 

6 
II 

7 
12 

14 

7 
12 

10 

14 

18 

»9 
21 


2  21 

2  26 


39  5> 
2.65 

26.89 
27.8 

7.233 
58.991 

44-531 
37.  "70 

22.660 

13-976 
47.388 

54.528 

43  905 

4.499 

54.443 

17.54 

39.03 
0.94 

9.501 
2.486 


2  21  33.885 
2  26  31.009 
2  29   7.973 


22  52. 25 

24  5'.  75 

27  3.  '3 

29  13" 

24  II. 310 

29  3. 985 


2  30  43.474 

2  26  37. 342 

2  3"  30.475 

2  29  15.411 

2  34  3.712 

2  29  18. 760 

2  34  12. 494 

2  40  39.659 

2  45  30.5*5 

2  41  38.322 

2  46  33. 420 


Centennial 
variation. 


Secular 
variation. 


r 


I 


-f  330.42 
334.73 
339.24 


+  307.013 
307. 224 

-f  307. 735 
308. 356 

+  306. 547 
306. 759 
306.891 

+  304.602 
304. 623 

4-  305.241 
305. 1 75 

+  325.  '3 
326.  79 

328. 48 

-f  308.047 
308.  773 

-f  3'2.oi4 

3«3.52i 
314.340 

-f  266.86 
264. 1 7 
261.33 
258. 62 

+  307.804 
308. 363 

-f  305. 642 

-f  308.226 
308.904 

+  303. 295 
303.664 

-f  308. 864 
309. 534 

+  305.903 
306.431 

-f  310.217 
311.052 


4-17.08 
17.71 
18.36 

-f  0.412 

-f  o.  195 
0.250 

-f  0.626 
0.682 

-f  o.  196 
0.250 
0.279 

—  0.006 
-f  0.050 

—  0.098  j 
0.041  ' 

+  6.61 

6.71 

6.82 

+  o.  737 
0.791 

+  1.552 
1.620  I 
1.656 

—  6. 10 
5.83 
5.55 
5.29 

+  o.  561 
0.615 

-I-  0.502 

-f  0.687 
0.742 

+  o.  361 
0.414 

4-  0.678 
0.732 

+  0.531 
0.581 

-f  o.  852 
0.906 


Struve's 
precession. 


J. 

4-  334. 85 

339. 22 
343.78 

+  307.510 

-f  306.960 
307.172 

+  307.5*7 
308. 139 

+  306. 945 
307. 156 
307. 289 

4-  306.618 
306. 639 

4-  306.308 
306.242 

4-  327.46 

329. 13 
330. 83 

4-  308. 751 
309. 477 

+  312.085 

3 '3- 592 
314.410 

4-  267.98 
265. 28 
262.42 
259.70 

4-  308. 100 
308. 658 

4-  306.340 

4-  308.802 
309. 482 

4-  307.029 
307. 393 

+  308. 835 
309. 504 

4-  307.9" 
308. 438 

4-  310.480 
3'i.3'6 


Proper 
motion. 


4-43 
4,49 

4.54 


+  o.  053 
0.052 

4-  Gi.2l8 

0.217 

—  0.398 
0.397 
0.398 

—  2.016 
2.016 

—  1.067 
1.067 

—  2.33 
2.34 
2.35 

—  0.704 
0.704 

—  0.071 
0.071 
0.070 

—  1. 12 
I.  II 
1.09 
1.08 

—  0.296 
0.295 

—  0.698 

—  o.  576' 

0.578 

—  3-734 
3.729 

4-  0.029 
0.030 

—  2.008 
2.007 

—  o.  263 
0.264 


Sec  Tar. 

of  proper 

motion. 


J. 
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DECLINATIONS. 


No. 


577 


578 
579 

580 
581 


582 


583 


584 


585 


586 


587 


588 

589 
590 

591 
592 

593 
594 


Star. 


/?  Chamacleontis  . 


B.  A.  C.  4134 

13  Virginis 

14  Virginis 
7j  Virginis 


c  Virginis 


17  Virginis 


n'  Cruets 


^  Virginis 


/3  Corvi 


«  Draconis 


/  Virginis 

B.  A.  C.  4254 
X  Virginis 

y  Virginis 

28  Virginis 

38  Virginis 

Y»  Virginis 


* 
S 


4.6 


6-3 

6.0 

6.1 

6.5 
6.9 

3.5 
4.0 

5.5 
5.5 

6.0 
6.6 

1.3 


5-5 
5.7 

2.5 
2.0 

3.5 
3.3 

6.5 
6.0 

6.1 

6.0 

5-2 

4.0 

3.1 

6.0 
7.0 

6.0 
6.2 

5.5 

5.2 


850 

875 

900 

850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

850 

875 
900 

755 
850 

755 
850 

900 

755 
800 

850 

900 

755 
850 

850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 


Declination. 


o    / 


// 


■—  78  28  44.  50 

78  37    4. 29 
78  45  23. 88 

—    3    7  12.5 

-f    o  34  37. 64 
o    2  49.67 


—  7  33 
8    4 

-f    o  41 
-f    o  10 

—  06 

-f    4  40 

4  8 

+    6  40 

6  8 

—  62  16 
62  24 
62  32 

—  8    5 
837 

—  22  2 
22  33 
22  50 

-f  71    8 

70  53 
70  36 
70  20 

—  4  28 

5  o 

-f    2  40 

-638 

7  10 

—  06 
o  37 

—  68 

6  40 


I- 13 
49.42 

48.64 

2.04 

40.32 

45.67 
54.51 

13.82 

24.57 

1.06 
21.  76 

42.15 

49.32 
26.29 

17.77 
59.24 
37.86 

30.38 
32.70 

56.47 
21.57 

39.08 
15.90 

52.20 

34.86 
9.31 
5.18 

33.32 

56.90 
28.22 


—  2  12  59. 59 
2  44  13.03 

—  8  12    9.43 
•8  43  23.23 


Centennial 
variation. 


"999.55 
1998.79 
1997. 95 


2009.53 
2007. 12 

2009.92 
2007. 39 

2008. 19 
2005. 56 
2003. 82 

2013. 03 
2010. 32 

2011.22 
2008.  II 

2003. 38 
2002. 19 
2000.92 

"999.35 

1994. 12 

2004. 13 
1998.81 

"995. 63 

"995-  93 

"993-  74 
1991. 16 

1988.41 

1999.46 
1993.  70 

1989.46 

1997.  "9 
1990.98 

1990.72 
1984.18 

1994.17 
1987.42 

"976.34 
1967. 62 

1976. 87 
1967.84 


Secular 
variation. 


// 
+  2.87 
3.18 

35" 
-f  2.92 

-f-  2. 06 
3.01 

+  2.18 
3- "4 

-f  2.29 
3-24 
3-74 

+  2.38 
33" 

-f  2.81 
3-74 

+  4.62 

4.9" 
5.22 

+  5.00 
5.98 

-f  5. II 
6.  II 
6.63 

+  4.72 
5.01 

5.33 
5.64 

+  5.58 
6.54 

+  6.85 

-f  6.06 
7.02 

-f  6.43 
7.34 

4-  6.62 
7.58 

-f  8.7" 
9.66 

f  9.02 
9.99 


Struve*s 
precession. 


// 


—  2003.86 
2003.09 
2002.26 

—  2003. 54 

—  2005.  74 
2003.34 

—  2005. 59 
2003.06 

—  2005.41 
2002.  78 
2001.04 

—  2005.26 
2002. 55 

—  2004.52 
2001.40 

—  1999.25 
1998. 05 
1996.  78 

—  "997.9" 
•  1992. 70 

—  "997.55 
1992.  22 

1989.04 

—  1996.48 
1994.28 
1991.69 
1988. 93 

—  1995-29 
"989. 53 

—  1987.64 

—  1992.93 
1086.  70 

—  1990. 14 
"983. 53 

—  1990. 10 
"983.34 

—  "975- 00 
1966.23 

—  "973-43 
1964.40 


Proper 
motion. 


// 


+  4-3" 
4.30 
4-3" 

—  3-79 
3-78 

—  4.33 
4-33 

—  2.78 
2.78 
2.78 

—  7.77 
7.77 

—  6.70 
6.  7H 

—  4.  "3 
4.14 

4.14 

—  "44 
1.42 

—  6.58 

6.59 
6.59 

+  0.55 
0.54 

0.53 
0.52 

—  4- "7 
4.17 

—  1.82 

—  4.26 

4.28 

—  0.58 
0.65 

—  4.07 
4.08 

—  ".34 
".39 

—  3-44 
3.44 


Sec.  var. 

of  proper 

motion. 


// 


—  o.oi 
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STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  .ASCENSIONS. 


1 

> 

No. 

1            ' 

1         i 

Star. 

Kpoch. 

1 

■  Number  of 
1  observations. 

Right  ascension. 

Centennial 
variation. 

Secuhu- 
variation. 

1 

Struve*s 
precession. 

1                  ' 

„                Secvar.    ' 
Proper    .     . 

.           of  proper 

motioii.             ^ 

motion. 

1 

1 

I 

h. 

m. 

s. 

/. 

s. 

J. 

J.                 /. 

595 

32  (H)  Camelopardalis 

>755 

7 

12 

47 

48.42 

+       4.37 

+31.42 

+      5.73 

—  1.36    '                   , 

(foil.) 

1775 

- 

12 

47 

49.90 

10.45 

29.67 

11.79 

1.34 

1800 

12 

47 

53.41 

17.58 

27.61 

18.89 

1.31 

1825 

12 

47 

58.64 

24.20 

25.57 

25.49 

1.29 

1850 

12 

48 

5.47 

30.37 

23.81 

3«.63 

1.26 

1875 

12 

48 

13.79 

36.12 

22.21 

37.34 

«.23 

1 
1 

1900 

12 

48 

23.51 

H-    41. 5« 

4-20.76 

4-    42.64 

—   I.  21 

596 

0  Canum  Venaticonim 

1755 

5 

12 

44 

3'.  499 

+  283.624 

— 

I.  614 

4-  285. 597 

-     1.973         4-0.015   1 

1850 

364 

12 

49 

0.227 

282. 135 

1.520 

284.096 

I.  961 

1900 

- 

12 

51 

21. 107 

281.387 

1.473 

283.340 

'•953 ;            ; 

1                       1 

597 

k  Virginis       .     .     . 

1755 

5 

12 

47 

3.282 

-f  307.907 

+ 

0.577 

4-  308. 179 

—  0.272 

1850 

II 

12 

5« 

56.061 

308. 479 

0.627 

308. 752 

0. 273 

598 

46  Virginis       .     .     . 

»755 

5 

12 

48 

0.168 

+  307. 673 

4- 

0.560 

-f  307.989 

1 

—  0. 316  ; 

1850 

8 

12 

52 

52.717 

308.  229 

0.610 

308.544 

o.3'5 

599 

48  Virginis 

«755 

5 

12 

51 

18.199 

+  307.807 

+ 

0.593 

4-  308.210 

-  0.403 

. 

1850 

17 

12 

56 

10.889 

308. 393 

0.641 

308.  795 

0.402  1                  ' 

600 

g  Virginis       .     .     . 

1755 

5 

12 

55 

5.463 

+  3'2.336 

+ 

0.987 

4-  312.282 

4-  0.054 

1850 

2F 

1 

'3 

0 

2.635 

313.298 

1.039 

3>3.244 

0.054 

601 

B.  A.  C.  4394  .     . 

«755 

• 

- 

. 

. 

4- 

0.890 

4-  3"- 338 

•    •    •   1                 i 

1850 

- 

"3 

0 

43.5 

- 

0.945 

312.210 

-     .    .   '                 1 

1                                 ■ 
1 

602 

.  50  Virginis 

«755 

5 

12 

56 

57.385 

H-  3'2.284 

4- 

0.977 

4-  312.216 

4-  0.068  1 

1 

1850 

20 

»3 

I 

54.503 

313.235 

1.026 

3'3.  '67 

0.068 

603 

Q  Virginis       .     .     . 

«755 

5 

12 

57 

17.296 

+  309.093 

+ 

0.  720 

+  309.441 

—  0.348 

I 

1850 

364 

"3 

2 

11.267 

309.801 

0.770 

3'o.  147 

0.346 

1 

1900 

- 

'3 

4 

46.  265 

310. 192 

0.794 

3"o.537 

0.345 

604 

56  Virginis 

1755 

4 

>3 

I 

56. 435 

+  312.433 

4- 

I. 000 

4-  3'2.693 

—  0.260 

■ 

1850 

3 

«3 

6 

53.  705 

313.407 

1.050 

3'3.665 

0.258 

60s 

$8  Virginis 

1755 

I 

13 

4 

38.618 

-f  312.  506 

+ 

I.  021 

4-  3'3. 056 

0.550 

1  1850 

19 

'3 

9 

35.969 

313.500 

1.072 

3M.051 

0.551 

606 

62  Virginis 

1755 

5 

'3 

7 

29.969 

-f  312.856 

+ 

1.072 

-f  3^3.849 

—  0.993 

1850 

5 

13 

12 

27.673 

313.898 

I.  122 

314.894 

0.996 

607 

65  Virginis       .     .     . 

1755 

5 

13 

10 

38. 610 

-f  309.298 

+ 

0.750 

+  309.574 

—  0.276 

1850 

If 

'3 

15 

32.789 

310.032 

0.796 

310.308 

0.276  1 

! 

608 

66  Virginis 

'  «755 

4 

'3 

II 

49.511 

+  310.  700 

+ 

0.770 

4-  309.  790 

4-  0.910 

1850 

1 

II 

»3 

16 

45. 030 

3" I. 453 

0.816 

310.541 

0.912 

609 

<i  Virginis 

1755 

100 

«3 

12 

19. 140 

+  313-862 

-f 

1.088 

-f  3«4. 223 

—  0.361 

1850 

- 

»3 

17 

17.807 

314.919 

I.  135 

315.281 

0.362 

1900 

-3 

>9 

55.409 

3«5-493 

I.  160 

3 '5. 854 

0.361 

610 

/  Virgims       .     .     . 

>755 

5 

13 

13 

48.  726 

+  3 '4.  554 

+ 

I.  181 

-f  3*5.552 

-0.998 

1850 

II 

n 

18 

48.093 

3«5.  701 

'•233 

316.696 

0.995 

611 

69  Virginis       .     .     . 

1755 

4 

13 

14 

25. 525 

+  3'7.236 

+ 

1.369 

4-  318. 189 

—  0. 953 

• 

1850 

7 

n 

19 

27.524 

318.560 

1.420 

3«9.5"6 

0.956 
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DECLINATIONS. 


No. 

Star. 

Mag. 

Epoch. 

Declination. 

Centennial 
variation. 

.  Secular 
variation. 

Struvc's 
precession. 

Proper 
motion. 

II 

Sec.  var. 

of  proper 

motion. 

0    /        // 

// 

// 

// 

595 

32  (H)  Camelopardalis 

6.0 

1755 

+  84  44  45.  75 

—  1961.64 

4- 

0.93 

—  1962.97 

-f  1.33 

(foil.) 

1775 

84  38  13.44 

1961.43 

1. 11 

1962.  75 

1.32 

1800 

84  30    3-  "2 

1961.  12 

1.32 

1962.43 

1-3' 

1825 

84  21  52.88 

1960.75 

I  53 

1962. 05 

1.30 

4.7 

1850 

84  13  42.  76 

i960.  36 

1.72 

1961.65 

1.29 

1875 

84    5  32.  73 

1959.90 

1. 91 

1961.  18 

1.28 

1900 

4-  83  5722.81 

—  1959.41 

+ 

2.08 

—  1960.68 

+  1.27 

596 

a  Canum  Venaticorum 

2.5 

1755 

-f-  39  38  47.  78 

—  1963.83 

+ 

8.79 

—  1968.  71 

4-  4.88 

—  0.06 

2.7 

1850 

39    746.21 

1955.  14 

9.51 

1959. 97 

4.83 

1900 

38  51  29.84 

• 

1950.  29 

9.89 

"955-  09 

4.80 

597 

Jt  Virginis       .     .     - 

6.0 

1755 

—    2  29    3. 38 

1964.36 

+ 

9.99 

1964.31 

—  0.05 

5.9 

1850 

3    0    4.87 

1954. 42 

ro.94 

1954. 36 

0.06 

598 

46  Virginis 

6.5 

1755 

—    22  42.61 

—  1958.53 

-f 

[0. 17 

—  1962.60 

4-407 

6.1 

1850 

2  33  38. 48 

1948.42 

II.  II 

1952.49 

4.07 

599 

48  Virginis       .     .     . 

6.0 

1755 

—    2  20  20.88 

—  1959.  70 

+  1 

10.81 

—  1956.41 

—  3.29 

6.7 

1850 

2  51  17.57 

1948.98 

[I. 76 

1945.68 

3.30 

600 

^  Virginis 

5.5 

1755 

—    9  25  25.67 

—  1950.08 

+ 

11.69 

—  1948.  77 

-  ".31 

5-9 

1850 

9  56  12.82 

1938.51 

[2.67 

1937. 20 

1.31 

601 

B.  A.  C.  4394  .     - 

•          • 

>755 

—    7  39  57.94 

—  1950-  73 

+ 1 

11.78 

—  1947.32 

3-41 

6.0 

1850 

8  10  45.68 

1939. 10 

12.73 

1935. 65 

3.45 

602 

50  Virginis       .     .     . 

6.0 

«755 

—    9    0  56. 57 

-  1946.13 

+ ' 

[2.07 

—  1944.82 

—  1.31 

6.3 

1850 

9  3"  39.80 

1934.21 

13-04 

1932.90 

".31 

603 

6  Virginis             .     . 

4.5 

1755 

—    4  13  27. 16 

—  1948.22 

+ 1 

11.99 

—  1944.  II 

—  4.  II 

~  O.OI 

4.7 

1850 

4  44  12.41 

1936. 38 

12.94 

1932. 26 

4.12 

1900 

5    0  18.96 

1929.  78 

13.44 

1925. 66 

4. 12 

604 

56  Virginis 

7.5 

1755 

—    9    3  45.  <7 

—  1939.80 

+  1 

12.99 

—  «933.62 

—  6.18 

7.0 

1850 

9  34  21.96 

1926. 99 

'3.97 

1920. 82 

6. 17 

605 

58  Virginis       .     .     . 

6.0 

>755 

—    9  14  51.71 

—  1925.89 

+  1 

'3-5' 

—  1927.20 

4-  1.3" 

7.0 

1850 

9  45  15.06 

1912.59 

14.50 

1913. 86 

1.27 

606 

62  Virginis       .     .     . 

7.0 

1755 

— -  10    0  32.66 

—  1921.99 

-f  J 

14.03 

—  1920.06 

—  1.93 

« 

7.0 

1850 

10  30  52.07 

1908. 19 

[5.01 

1906.22 

1.97 

607 

65  Virginis       .     .     . 

6.0 

1755 

-    338    4.38 

—  1914. 55 

-f  1 

14.50 

—  1911.89 

—  2.66 

6.1 

1850 

4    8  16.52 

1900.33 

'5.44 

1897.66 

2.67 

608 

66  Virginis       .     .     . 

6.0 

1755 

—    3  52  31.42 

-  "913.33 

4-  1 

14.84 

—  1908.  73 

—  4.60 

6.0 

1850 

4  22  42.24 

1898.78 

15.79 

1894.22 

4.56 

609 

a  Virginis       .     .     . 

I.O 

>755 

—    9  52  27.41 

—  1911.15 

+ 1 

15.01 

—  1907.39 

—  3.76 

—  0.02 

1.5 

1850 

10  22  36.08 

1896.42 

15.99 

1892.65 

3.77 

1 

1900 

10  38  22.27 

1888. 30 

16.51 

1884.51 

3.79 

t 

610 

/  Virginis 

5.0 

1755 

—  II  25  26.59 

—  1907.39 

+ 

'5.34 

—  1903.26 

—  4.13 

1 

5.7 

1850 

"  55  31.54 

1892.34 

16.34 

1888.24 

4. 10 

1 

611 

69  Virginis       .     .     . 

5.6 

1755 

—  14  41  39. 28 

—  1901.80 

+ 

'5. 54 

—  1901.59 

—  0.21 

5.0 

1850 

15  "  38.83 

1886.56 

16.55 

1886.31 

0.25 
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STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


No. 


612 


613 


614 


615 


616 


617 


618 

619 

620 

621 

622 

623 

624 

625 
626 


Star. 


628 


629 


630 


/*  Virginis 


/*  Virginis 


75  Virginis 


h  Virginis 


77  Virginis 


C  Virginis 


80  Virginis 

81  Virginis 
m  Virginis 
83  Virginis 

85  Virginis 

86  Virginis 

87  Virginis 

B.  A.  C.  4591 
^  Virginis 


627       17  Ursae  Majoris  . 


89  Virginis 


B.  A.  C.  4647  (mean) 


1)  Bootis 


t 

U 


755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

900 


«M        (A 

o   c 


4 
3 

5 
36 

3 
13 

5 
39 

8 

5 
483 

5 
19 

I 

4 

5 
99 

5 
16 

4 
15 

5 
37 

5 
9 

7 

3 
.    3 

5 
593 

5 
42 

I 

19 

5 

853 


Right  ascension. 


h,     m, 
3  17 


3 
3 

3 
3 

3 
3 

3 
3 

3 
3 
3 

3 
3 

3 
3 

3 
3 


22 

19 
24 

19 
24 

20 

25 

20 

25 

22 

27 
29 

22 
27 

24 
29 

28 

33 


3  31 
3  36 


32 
37 

32 

37 

34 
39 


3  39 


35 
40 


J. 
40. 435 
36.489 

15. 239 
10.284 

48.305 
51-179 

5.761 

4.369 

38. 158 
34. 618 

13.670 

3.201 

35.810 

48.044 
43. 356 

46.  735 
43. 979 

46. 935 
44.6>i 

'9. 193 
24.  716 

26. 185 
30.921 

55. 227 
57. 138 
8.640 
16.349 
18.0 

30.  784 
27.482 


3  37  5".  349 

3  41  37.482 

3  43  36.119 

3  36  36.388 

3  41  43.807 

3  42  9.183 

3  47  6.470 

3  43  1.125 

3  47  32.564 

3  49  55.405 


I 


Centennial 
variation. 


Secular 
variation. 


s. 
-f-  311. 221 

312.057 

-f  310. 160 
310.994 

-f  318.  161 
319.476 

+  313.810 
314.843 

-f  3". 614 
312.518 

+  304.486 
305.060 
305. 378 

+  310.457 
311.260 

+  3'2.425 
313.360 

4-  312.915 
313.902 

-f  320. 907 
322. 306 

-f  320.090 
321.467 

-f  317.207 
318. 40  J 

+  323. 153 
324.661 


-f  3".  859 
3'2.  778 

+  238. 553 

237. 529 
237.021 

-f  322. 839 
324.365 

-f  312.439 
3*3. 435 

+  285.  764 
285. 693 
285. 673 


4-  o 
o 

o 

-f  I 

1 

-f  I 

I 

4-  o 
o 

+  0 

o 
o 

+  o 
o 

+  o 

4- 
4- 


4- 
4- 

4- 

4-0 
o 

—  I 
I 
o 

4-  I 
I 

4-  I 


—  o 
o 
o 


J. 

858 
903 
856 

900 

359 
409 

065 
no 

930 
974 

583 
626 

648 

823 
868 

962 
006 

016 
062 

451 

495 

427 
472 

236 
278 

565 
610 

»33 

948 
987 

119 
038 
996 

584 
629 

028 
068 

098 
052 
027 


Struve's 
precession. 


J. 
4-  311.042 

311.879 

4-  3"0.949 
311.783 

4-  318.455 

3"9.  770 

4-  3'4. 164 
315. 198 

4-  3'2. 130 
313.036 

4-  306.452 
307. 027 
307. 348 

4-  310.419 
311. 221 

-f  312.601 

313.538 

4-  313.610 

3>4. 598 

+  320.841 
322.242 

+  320.599 
321.979 

+  317.432 
318.627 

4-  322.943 
324.451 

-f  316.023 

4-  3"2.309 
313. 228 

4-  239.696 
238.657 
238. 145 

-I-  323.628 
325. »55 

4-  313.915 
3H.913 

-f-  286.260 
286. 177 
286. 154 


Proper 
motion. 


J. 

4-  o.  179 
0.178 

—  0.789 
0.789 

—  0.294 
0.294 

—  o.  354 
0.355 

—  0.516 
0.518 

—  1.966 
1.967 
1.970 

4-  0.038 
0.039 

—  o.  176 
o.  178 

—  0.695 
0.696 

4-  0.066 
0.064 

—  0.509 
0.512 

—  o.  225 
0.226 

4-  0.210 
0.210 


—  0.450 
0.450 

—  1. 143 
1.128 

1. 124 

—  0.789 
0.790 

—  1.476 
1.478 

—  0.496 
0.484 
0.481 


Sec.  var. 

of  proper 

motion. 


J. 


002 


4-O.OI2 
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DECLINATIONS. 


No. 


612 


613 


614 


615 


616 


617 


618 

619 

620 

621 

622 

623 

624 

625 
626 

627 


628 


629 


630 


Star. 


/*  Virginis 


/*  Virginis 


75  Virginis 


h  Virginis 


77  Virginis 


^  Virginis 


80  Virginis 

81  Virginis 
m  Virginis 

83  Virginis 

85  Virginis 

86  Virginis 

87  Virginis 

B.  A.  C.  4591 

88  Virginis 

1)  Ursse  Majoris 


89  Virginis 


B.  A.  C.  4647  (mean) 


i\  Bootis 


7.5 
6.7 

6.0 
5.1 

6.0 

I 

6.0 

6.0 
5.8 

7.0 
7.0 

4.0 
3-6 

6.0 
6.1 

7-5 
7.3 

5.5 
5-7 

6.0  I 
6.0 

6.0 

6.5 

6.0 
5.9 

6.0 
5-8 

6.0 

7.0 
6.8 

2.5 

2.0 

5.5 
5.4 

7.0 
6.4 

3-0 
3.0 


% 
u* 

W 


755 
850 

755 
850 


755 

— 

14  5 

850 

M  35 

755 

— 

853 

850 

9  23 

755 

— 

6  21 

850 

651 

755 

+ 

0  39 

850 

+ 

0  10 

900 

— 

0  5 

755 

— 

4  8 

850 

4  37 

755 

— 

636 

850 

7  6 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

850 

755 
850 

755 
I850 

900 

755 
850 

755 
850 

755 
850 

900 


Declination. 


o    / 

—  5  " 

5  41 

-  4  58 
5  28 


// 


—  7  27 
7  56 

—  14  56 
15  25 


50.72 
38.94 

56.40 
46.63 

37.09 
22.30 

38.06 

25.03 

19.23 
0.95 

55.50 

22. 16 

5.00 

»9.35 
48.21 

45.02 
18.34 

25.86 
38.64 

10.21 
21.27 


—  «4  3'  33-03 
15    041.54 


—  II  II 
II  40 

—  16  37 
17    6 

—  857 

—  5  36 

6  5 

-f  50  32 
50  3 
49  48 

—  16  54 
17  23 

—  6  50 

7  19 

-f  1938 
19    9 

1853 


19.09 
21.98 

20.34 
23.42 

15.2 

13.04 
10.62 

39.21 
48.84 

43.74 

10. 17 
5.  II 

33.32 
5-95 

8.46 

6.04 

56.03 


Centennial 
variation. 


// 


1890. 05 
1874. 48 

1892.  28 
1876.47 

1887. 23 
1870.94 

1889. 01 
1872. 90 

1883.46 
1867.38 

1874.  57 

1858. 65 
1849.93 

1870.  II 

1853. 66 

1875.01 
1858. 15 

1853.  78 
1836. 17 

1852. 39 

1833. 89 

1849.  76 
1831. 14 

1843. 83 
1825. 28 

1844. 32 
1825. 17 

1838. 30 
1819.63 

1828.  71 
1814.  II 
1806.26 

1835. 92 
1816.42 

1812.57 
1792.81 

1843. 22 
1824.94 
1815.04 


-f 


-f 


-f 


+ 


+ 


Secular 
variation. 


5.92 
6.87 

6.18 

7.  "3 

6.65 
7.66 

6.47 

7-44 

6.45 

7.41 

6.31 
7.20 
7.66 

6.85 
7.80 

7.27 
8.23 

8.04 
9.04 

8.96 
9.99 

9.09 
20.  II 

9.03 
20.03 

9.63 
20.68 


-f 


+ 


+ 


+ 


-f 


+ 


-f 


-f  20. 14 

4-  19. 18 
20. 12 

+  15. 15 

15.59 
15.81 

-f-  20.01 
21.05 

+  20. 33 
21.27 

-f  18.89 
19.60 
19.98 


Struve*s 
precession. 


// 


892.32 
876.  76 

887.70 
871.88 

886.04 
869.74 

885.16 
869.04 

883.57 
867.43 

878.  70 
862.69 

853. 91 

876.96 
860.50 

870.  73 
853.86 

857.  79 
840.18 

849.26 
830.  78 

845.46 
826.80 

843.  79 
825. 22 

839. 54 
820. 41 

820. 30 

834.  n 
816.03 

826. 34 
811.68 

803.79 

830. 82 
811.28 

810.44 
790.56 

807.15 
788.86 
778. 95 


Proper 
motion. 


II 
-f  2.27 
2.28 

-4.58 
4.59 

—  1. 19 
1.20 

-3.85 
3.86 

+  O.  II 

0.05 

—  4.13 
4.04 

3.98 

+  6.85 
6.84 

—  4.28 
4.29 

4-4.01 
4.01 

—  3. 13 
3." 

—  4.30 
4.34 

—  0.04 
0.06 

-4.78 
4.76 

-3.58 
3.60 

—  2.37 

2.43 
2.47 

—  5.  'o 

5.14 

—  2.13 
2.25 

—36. 07 
36.08 
36.09 


Sec.  var. 

of  proper 

motion. 


/« 


—  o.  10 


—  0.07 


—  0.02 
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RIGHT  ASCENSIONS. 


No. 


631 
632 


633 


634 


;     635 


637 
63^ 

639 
640 

641 

642 

643 


644 


645 


646 


647 


Star. 


W«  I3»»  825 
/?  Centauri 


94  Virginis 


95  Virginis 


a  Draconis 


636  I  96  Virginis 


B.  A.  C.  4700   . 
97  Virginis 

K  Virginis 

B.  A.  C.  4720  . 

B.  A.  C.  4722  . 
I  Virginis 
a  Bootis    . 


X  Virginis 


2  Librx 


B.  A.  C.  4772 


e  Bootis 


648    106  Virginis 


"  § 

■     J'       Ml 


Right  ascension. 


Centennial 
variation. 


850 

850 

875 
900 

755  I 
850  I 

755  ! 
850  i 

755 
800 

850 

900 

755 
850 

850 

755 
850 

755 
850 

755  ' 

850 ! 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 


A.     fn. 


I 


5 
35 

5 
20 

10 


5 

5 

34 


6  ! 


5 
145 

2 

3 

20 

5 
28 


5 
121 

5 

34 


4 
136 


5 
13 


13 

47 

51. 

13 

53 

17. 

»3 

55 

I. 

»3 

56 

45. 

»3 

53 

21. 

13 

58 

21. 

13 

53 

47. 

»3 

58 

47. 

13 

57 

45. 

13 

58 

58. 

14 

0 

19- 

"4 

I 

40. 

'3 

55 

59. 

M 

I 

I. 

14 

2 

39. 

'3 

59 

3*. 

14 

4 

34. 

13 

59 

51. 

'4 

4 

54. 

14 

I 

37. 

14 

6 

32- 

14 

I 

56. 

H 

7 

8. 

"4 

3 

II. 

14 

8 

9. 

14 

4 

29. 

14 

8 

49- 

M 

II 

6. 

14 

5 

53. 

H 

II 

0. 

14 

10 

16. 

14 

15 

21. 

14 

II 

32. 

14 

16 

37. 

14 

16 

51. 

14 

20 

5- 

14 

21 

47. 

14 

»5 

48. 

14 

20 

47. 

s. 
9 

20 
07 
48 

442 
550 

368 
173 

97 

79 
82 

97 

370 
460 

376 

942 
185 

625 
029 

353 

870 

718 
625 

881 
276 

638 

275 
005 

608 
059 

899 
745 

710 
496 


J. 

+  414.47 
416. 56 

418. 67 

+  315.372 
316. 438 

+  315.044 
316. 130 

+  161.69 
161.92 
162. 17 
162. 43 

+  3«7.4i8 
318.567 

+  326.485 

+  317.587 
318.  720 

4-  317.747 
318.898 

-f  310.604 
3".  543 

+  327. 538 
329.  "4 

-f  312.560 

313.538 

-f  273.209 
273.402 
273. 520 

-f  321.926 
323. 239 

+  320. 273 
321.513 

-f  320.211 
321.447 


097 

+  204.611 

407 

204.469 

626 

204. 409 

250 

+  314.344 

357 

315.361 

Secular 


Struve*s 


Proper 


variation,      precession.  ,    motion. 


+  8 
8 
8 

I 

+  I 
I 

-f  o 
o 
o 
o 


+  0 


-f 


-f  o, 
o, 
o 

-f  I 

I 

+ 1 

I 

-f  I 

I 

—  o 
o 
o 

+  I 

I 


J. 

150 

32 
40 

47 

104 
141 

124 
162 

50 
50 
50 
50 

197 
221 

560 

176 
208 

195 
229 

973 
004 

640 
678 

013 
045 

182 
224 

249 

367 
397 

290 
320 

287 
316 

169 
130 
III 

058 
084 


J. 
I  -f  316. 587 

+  415.50 
417.59 
419.  70 

+  315.  594 
316.660 

-f  3^6. 103 
317.189 

-f  162.36 
162. 58 
162. 83 
163. 07 

+  317.454 
318.598 

-f  326.205 

-f  317.236 
318.367 

+  3'7.7i9 
318.868 

+  312. 675 
313.619 

+  327.800 
329. 381 

+  3^2. 771 
313.  735 

+  a8i.  190 
281. 291 
281.357 

-f  322. 134 
323. 449 

-f  320.448 
321.686 

+  320.515 
321.  749 

-f  207.219 
207.012 
206.912 

-f  3*4. 567 
3'5.582 


J. 

•  •  « 

—  1.03 
1.03 
1.03 

—  0.222 
0.222 

—  1.059 
1.059 

~  0.67 
0.66 
0.66 
0.64 

—  0.036 
0.031 

-f  0.280 

+  0.351 

0.353 

+  0.028 
0.030 

—  2.071 
2.076 

—  0.262 
0.267 

—  0.211 
0.197 

—  7.981 
7.889 
7.837 

—  0.208 
0.210 

—  o.  175 

0.173 

—  0.304 
0.302 

—  2.608 

2.543 
2.503 

—  0.223 

0.221 


Sec.  var.   i 


of 


proper 


motion. 


I 


J. 


+0.086 


-f  0.069 
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DECLINATIONS. 


No. 


631 
632 


633 


634 


635 


636 

637 
638 

639 
640 

641 

642 


Star. 


W«  I3»»  825 
/}  Centauri 


94  Virginis 


95  Virginis 


a  Draconis 


96  Virginis 

B.  A.  C.  4700 

97  Virginis 

K  Virginis 
B.  A.  C.  4720 
B.  A.  C.  4722 

I  Virginis 


643 

a  Bootis    . 

644 

X  Virginis 

645 

2  Librae    .     . 

646 

B.  A.  C.  4772 

647 

1 

e  Bootis    .     . 

648 

106  Virginis 

6.8 
1.2 


6.0 
6.8 

6.0 
6.0 

3-5 
3.3 

6.5 
6.9 

5.6 

7.0 
7.0 

4.0 
4.2 

7.5 
6.7 

• 

S.8 

4.0 

I.O 
I.O 

4.0 

5.0 

6.0 
6.5 

7-5 
6.6 

4.0 
4.0 


6.0 
5-9 


w 


850 


Declination. 


// 


850 

850 

875 
900 

755 
850 

755 
850 

755 
800 

850 

900 

755 
850 

850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 


—  8  49  18.2 

—  59  38  45. 35 
59  46  7-  '4 
59  53  27. 05 

— .  742  36.88 
8  10  23. 83 

—  87  58.48 
8  35  43-  56 

+  65  33  12. 43 
65  20  7.66 
65  5  38. 66 
64  51  12.79 


—  99 

9  37 

—  «5  35 

—  844 
9  II 

--9    7 
9  34 

—  4  47 
5  >4 

—  17    2 
17  29 

—  4  49 
5  16 

+  20  28 

>9  57 
19  42 

—  12  13 
12  40 


40.23 
16.82 

26.83 

6.37 
31-74 

13.80 
22.32 

45.08 
52.68 

41.05 
53-70 

9.08 
55-87 

7  65 
56. 12 
10.38 

47.71 
40.33 


900 

755     - 
850  ' 


5  47  10.45 

6  13  26. 53 


Centennial 
variation. 


10  34  51-79 

11  I  33-63 

10  32  35-  70     — 
10  59    8.  76 


755     +  52  59  32. 22 

52  32  45. 35 
52  18  45.99 


// 


70.85 

63.44 
55.88 

65. 59 
43-  63 

63. 63 
41.69 

46.69 

41. 15 
34.88 

28. 58 

54-95 
32. 45 

26.06 

43-  45 
20. 33 

25.80 
02.  52 

24. 57 
01.80 

30.69 
06.31 

766.07 
742.77 

916. 81 
896.84 
886.08 

709.70 
685.17 

698.59 

673. 56 

689.44 
664. 23 

699.69 
683.14 
674. 30 

671.67 
646.25 


Secular 
variation. 


Struve's 
precession. 


Proper 
motion. 


II 
+  21.71 

+  29.37 
29.92 

30.47 

-f  22.64 
23.61 

-f  22.63 
23.55 

-f  12.30 
12.42 
12.56 
12.  70 

-f  23. 20 
24. 16 


-f  25. 05 

-f  23. 86 

24.81 

-f-  24.00 

25.01 

+  23. 52 
24.41 

-f   25.  12  I 
26.20   i 

-f   24.08   I 
24.98 

-f   20.  72 

21.34 
21.67 

-f  25. 33 
26.31 

+  25.87  '  - 
26.82  , 

+  26.06     — 
i 
27.02 


-r  17.26 

17.59 
17.76 

+  26.31 
27.20 


787. 57 

765. 55 

758. 13 
750. 57 

766.00 
744.07 

764,17 
742.22 

747. 34  t 

741.  n 

73S-  48 

729. 14 

754.93 
732. 43 

725.  20 

739.68 
716.  59 

738.  28 
715. 10 

730.  50 
707.57 


690.90 
665.88 

684.88 
659.68 


664.39 
638. 95 


li 

—  5.30 
5.31 
5.31 

+  o.  41 

0.44 

-f  0.54 
0.53 

-f  0.65 

0.62 
0.60 

0.56 

—  0.02 
0.02 

—  0.86 

—  3.77 

3-74 

+12.48 
12.58 

-f  5.93 
5.77 


729.  12 

-  1-57 

704.  82 

1.49 

723-48 

—42. 59 

700.  16 

42.61 

717.61 

— 199. 20 

696.05 

199.79 

685.  99 

200.09 

711.28 

+  1.58 

686.82 

1.65 

—  7.69 
7.68 

—  4.56 
4.55 


659. 23     —40. 46 

642. 47  40. 67 

633- 53  40.  77 


—  7.28 
7.30 


Sec.  var. 

of  proper 

motion. 


// 


—  0.62 


—  0.22 
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RIGHT  ASCENSIONS. 


r 


662 


No. 

Star. 

649 

p  Bootis    .     .     . 

650 

5  Ursse  Minoris  . 

651 

a*  Centauri 

652 

5  Librae    .     .     . 

653 

c  Bootis    .     .     . 

654 

fi.  Librx    .     .     . 

65s 

a*  Librae    .     .     . 

656 

a«  Librae    .     .     . 

1 

1 

657 

B.  A.  C.  4896  . 

1 

658     10  Librae 


659     12  Librx    .     . 


660  .   ^  Librae 


661      f^  Librx 


B.  A.  C.  4923  - 


663      17  Librx 


664  '  18  Librx    . 


665      /3  Ursx  Minoris 


«M       (A 

0  c 

0 

• 

II 

1 

is 

M 

^-§ 

Right  ascension. 


Centennial 


Secular 


variation.     '  variation. 


755 
850  ' 

900  ' 

755 
800 

850 

900 

850  I 

875  I 
900  ' 

755  ' 
850  I 

755 
850 

900 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850  I 

755 
850  I 

755  : 
8501 

755  ' 
850 

755  j 

850  I 

I 
755  I 
850  1 

755 

850  ; 

i 
755 

800  I 

850 

900 


5 
204 


4 

37 

4 
839 

5 
23 

7 
61 

7 
660 


I 
22 

3 
3 

4 

5 
II 

5 
80 


»3 

4 
3 

5 
3 

6 


h,    m. 
4    21 


4 
4 

4 
4 
4 
4 

4 

4 
4 

4 
4 

4 
4 
4 

4 
4 

4 
4 

4 
4 
4 

4 
4 

4 
4 

4 
4 

4 
4 


25 
27 

28 

28 

27 
27 

29 
31 
32 

32 

37 

34 

38 
40 

35 
41 

37 
42 

37 
42 

45 

37 
43 

38 
43 

40 

45 

41 
46 


4    43 
4    48 


s, 
15.916 

21.902 

31-301 

22.  70 
7.82 

54.34 
43.96 

27.77 

8.43 
49.54 

29.  743 
42.003 

17.151 
26. 189 
37. 256 

55- 819 
6. 181 

10.919 
23.880 

22. 169 

35-  303 
20.667 

55.766 
12.098 

9.670 
26. 932 

9.788 
38.097 

7.165 
14.681 

30.  762 
38.  .169 


4    48    42. 8 


J. 
-f  259. 030 
258. 841 

258. 757 

—    36.03 
30.10 

23.81 

17.77 

+  401.  70 

403-  53 
405. 37 

+  327.980 
329. 413 

-f  262. 162 

262. 135 

262. 136 

-f  326.016 
327. 380 

-f  328.  702 
330. 165 

-f  328. 884 

330. 345 
331.120 

-f  332.202 

333.  763 

+  333- '70 

334.  753 

-f.  344.606 
346. 573 

-f  323. 077 
324. 328 

+  322. 974 
324. 200 


4 
4 

4 
4 

4 
4 
4 
4 


44 
50 

45 
50 

51 
51 
5' 
50 


59.173 
7.808 

40. 629 
47. 182 

42.50 
26.78 
11.87 

59.57 


+  324.271 
325. 490 

-f  322. 079 
323.  298 

—  37.51 

32.51 
27. 18 

—  22. 03 


—  o 
o 
o, 

+13 

12 
12 
II 

-f  7 

7. 
1- 

+  I 
I 

—  o 

—  o 
-f  o 

-f  I 

I 

+  I 

I 

-f  I 

I 
I 

+  I 

I 

-f  I 

I 

-f  2 
2 

-f  I 
I 

-f  I 
I 

+    I 

2 

4-  I 
I 

+  I 
I 

-fii 
10 
10 

+10 


Stnive*s 
precession. 


219 

179 
157 

46 
89 

29 
78 

32 
36 
40 

499 
5«7 

045 
on 

016 

428 
445 

530 
550 

529 
545 
553 

635 
651 

659 
674 

065 
078 

310 
325 
283 
300  : 

881 ; 

049  1 
276  ' 

t 

291 

276 
291 

24 

86 

45 
06 


Proper 
motion. 


oCC.  var. 

of  proper 

motion. 


J. 
+  259. 687 

259. 505 
259. 425 

-  36.57 
30.63 

24.32 
18.30 

-f  448.94 
450. 95 
452.98 

-f  328.217 
329.651 

-f-  262.428 
262. 401 
262. 405 

+  326. 598 
327. 962 

-f  329.634 
33".  097 

-f  329.  732 

331.  «93 
331.968 

-f  332.601 
334. 160 

-f  333. 568 
335. 151 

+  344. 633 
346. 597 

-f  323.622 
324. 875 

+  323.066 
324.298 

-f  339. 320 
341. 164 

-f  322.  792 
324.008 

-f  322.826 
324.043 

-  36.78 

31.79 
26.47 

—  21.35 


).  710 


.001 


J. 

—  o.  657 
0.664 
0.668 

-f  0.54    I 

0.53 
0.51 

0.53 

—47.24 
47.42 
47.61 

—  0.237 
0.238 

—  0.266 
0.266 
0.269 

—  o.  582 

0.582 

—  o.  932 

0.932 

—  0.848  I   -fo.  001 

0.848  ' 

0.848 

—  0.399 
0.397 

—  0.398 
0.398 

—  0.027 
0.024 

—  o.  545 
0.547 

—  0.092 
0.098 


-f  1.479 
1.482 

—  o.  747 
0.745 

—  0.73 
0.72 
0.71 

—  0.68 
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DECLINATIONS. 


No. 

Star. 

Epoch. 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0    /          n 

// 

// 

// 

// 

// 

649 

p  Bootis    .... 

4.0 

1755 

-f  3'  27  3'- 54 

—  1626.92 

-f  22. 54 

—  1637.20 

4 10. 28 

3-7 

1850 

31     I  56.23 

1605. 26 

23.06 

1615.55 

10.29 

1900 

30  48  36. 49 

1593.66 

23.33 

—  1603.95 

10.29 

650 

5  Urssp  Minoris  . 

4.0 

1755 

-f  76  47    6. 13 

-1598.89 

—    2.44 

—  1600.43 

-f  1.54 

• 

1800 

76  35    6. 38 

1599.88 

1. 91 

1601  44 

1.56 

4.7 

1850 

76  21  46.22 

1600.69 

1.36 

1602.  27 

1.58 

1900 

76    8  25.  73 

1601.24 

0.84 

1602.84 

1.60 

651 

a«  Centaari      .     .     . 

0.7 

1850 

—  60  12  45.01 

—  '550.52 

-f  32.06 

1994.02 

4-43. 50 

—  4.30 

1875 

60  19  11.63 

1542.45 

32.5' 

1584.91 

42.46 

1900 

60  25  36.22 

'534.27 

32.96 

'575.65 

4'.  38 

652 

5  Librae    .... 

6.0 

1755 

'4  24  39.  56 

—  '579.32 

-f  30.20 

'578.43 

—  0.89 

6.6 

1850 

14  49  26. 13 

1550.17 

31.16 

1549.28 

0.89 

653 

e  Bootis    .... 

3.0 

1755 

-f  28    7  11.23 

—  1567.66 

+  24.50 

-  1568.74 

-f  1.08 

—  0.02 

2.3 

1850 

27  42  33-  09 

1544.14 

25.02 

'545. '7 

'.03 

1900 

27  29  44. 15 

'53'.  56 

25.28 

'532. 57 

1. 01 

654 

fi  Librae    .... 

5.5 

1755 

—  '3    6  43.  74 

—  1562.83 

+  30.54 

—  '559-  70 

3. '3 

5.7 

1850 

'3  31  '4-5' 

'533. 37 

3'.48 

'530.17 

3.20 

655 

r'  Librae    .... 

6.0 

'755 

—  '4  57  43-  72 

—  1560.92 

+  3'.o8 

-  1552. 78 

—  8.14 

6.3 

1850 

15  22  12.43 

1530.96 

32.03 

1522.83 

8.13 

656 

a»  Librje    .... 

3-0 

1755 

—  15    0  26.87 

—  '559. 53 

-f  3'. 04 

-  '55'. 74 

—  7.79 

—  0.06 

. 

3-0 

1850 

15  24  54.27 

'529. 59 

3'. 99 

1521.75 

7.84 

1900 

'5  3735.05 

'5'3.47 

32.49 

'505. 59 

7.88 

657 

B.  A.  C.  4896  .     . 

6.0 

'755 

—  16  45  18. 33 

—  1560.01 

-f  3'.44 

—  1548.60 

—II. 41 

6.6 

1850 

17    9  46.00 

1529.67 

32.43 

1518.27 

11.40 

658 

10  Librae    .... 

7.0 

1755 

--  17  19  45.14 

—  1548.  '5 

-f  3'.  57 

-  '547-33 

—  a  82 

6.5 

1850 

'7  44    1.48 

1517.69 

32.56 

1516.84 

0.85 

659 

12  Librae    .... 

6.0 

'755 

23  37  '9. 94 

—  '54'.  78 

-f  33.00 

—  1536. 12 

-  5.66 

• 

5.8 

1850 

24    I  29.58 

1509.92 

34.08 

1504.26 

5.66 

660 

^  Uhrx    .... 

6.0 

'755 

—  '0  52  55-  52 

'533.  '8 

+  31.08 

—  1530.  72 

—  2.46 

6.1 

1850 

II  16  57.88 

'503.23 

3'.  98 

1500.  72 

2.5' 

661 

^«  Librae    .... 

5.0 

'755 

—  10  24  15.41 

—  1517.86 

-f  3'.48 

—  1517.09 

—  0.77 

\ 

5.7 

1850 

10  48    3. 04 

'487. 53 

32.37 

i486.  75 

0.78 

662 

B.  A.  C.  4923  .     . 

- 

'755 

—  20  17  40.08 

—  1684.03 

-f  34.30 

—  1518.76 

-165.27 

7.3 

1850 

20  44    4. 27 

1650. 92 

35.40 

i486. 30 

164.62 

663 

17  Librx    .... 

7.0 

1755 

—  10    9  14,  79 

—  '5'o.93 

+  3'.  98 

—  1508.61 

—  2.32 

7.2 

1850 

10  32  55. 60 

1480. 12 

32.88 

1478. 12 

2.00 

664 

18  Librae    .... 

7.0 

'755 

—  10    8  31.71 

—  '5 '3. 63 

+  3'.66 

—  1504.62 

—  9.01 

6.3 

1850 

10  32  15.24 

'483.  '3 

32.54 

1474. 04 

9.09 

665 

(3  Ursae  Minoris  . 

3-0 

1755 

-f  75    9  23. 15 

—  1468.65 

3. '7 

—  '469. '7 

-f  0.52 

1800 

74  58  21. 96 

1469. 97 

2.66 

1470. 46 

0.49 

2.0 

1850 

74  46    6. 67 

'47'.  '4 

2.13 

1471.60 

0.46 

1900 

+  74  33  50. 85 

—  '472.09 

—    1.62 

—  1472.52 

+  0.43 
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RIGHT  ASCENSIONS. 


666 


667 


668 


669 


670 


671 


672 


673 


674 


675 


676 


677 


Star. 


y  Scorpii 


^  Bootis 


v^  Librae 


V*  Librae 


t*  Librae 


*»  Librae 


26  Librae 


/?  Librje 


28  Librx 


0*  Librae 


o*  Librae 


B.  A.  C.  5070  . 


678     /i»  Bootis 


679      Q  Librae 


680      y^  Ursse  Minoris 


681 

682 

683 
684 


C-  Librx 


^  Librae 


B.  A.  C.  5109 
C^  Librae    .     . 


.  I 


[850 


8 


17 


Right  ascension. 


h,  m. 
49 
55 

52 
56 
58 

53 

58 

53 
58 

58 
3 

59 
4 

o 
6 

3 
8 

II 

7 
12 

7 
12 

9 

14 

«5 

15 
18 

20 

14 
19 

21 
21 
21 
20 

15 
21 

16 
22 

24 

19 
24 


s. 

47. 383 
18.099 

43.067 

17.775 
10.  778 

0.366 
16.096 

II. 216 
27. 142 

18. 339 
40.804 

24.687 
47. 032 

46. 977 
6.415 

51.375 
56. 473 

37. 478 

2.920 
23.908 

21.983 
38.690 

24. 323 
40. 239 

38. 822 

14. 291 

49. 479 
42.  781 

28. 904 
48.  285 

19.34 
9.46 

0.34 
53. '2 

45-  875 
6.  no 

53.588 
13. 132 

0.262 

7.244 
27. 197 


Centennial 
variation. 


Secular 
variation. 


J. 
-f  347- 132 
349.112 

-f-  226.016 
226. 005 
226.009 

+  33 '.623 
333. 073 

+  331.826 
333. 285 

-f  338. 627 
340. 252 

-f  338. 506 
340. 1 16 

-f  335.496 
337.004 

-f  320. 595 
321.716 
322. 305 

-f  337. 123 
338. 640 

+  332. 688 
334.065 

-f  331.868 
333.219 

-f  328.054 

-f  226.458 
226.571 
226. 637 

-f  335. 483 
336. 901 

—  23.73 
20. 1 7 
16.32 
12.58 

-h  336.370 
337. 807 

+  335. 660 ; 
337.064 

+  343. '24 
-f  336.091 

337-  494 


J. 
-f  2.081 

088 


—  o 
+  0 
+  0 

+ 
+ 


+ 


H- 


+ 


+ 

+  o 
o 
o 


+  8 


I 

+  I 
I 


025 
001 
016 

522 
531 

532 
540 

708 

713 

693 
698 

586 

589 

181 
178 

179 

596 
598 

449 
449 

421 

424 

294 
114 

123 
142 

495 
491 

o? 
82 
60 

39 

516 

511 

478 
478 

625 

480 
474 


Struve's 
precession. 


J. 
+  347-  762 
349-  741 

-f  226.391 
226. 369 
226. 372 

4-  332.052 
333. 501 

-f  332.468 
333- 927 

+  339.043 
340. 663 

+  338.942 
340. 5  ^6 

+  335-  715 
337. 222 

+  321.303 
322. 420 

323.011 

-f  337. 254 
338.  766 

4-  332.498 
333- 876 

-f  331.968 

333-319 

-f  328. 286 

+  227.649 
227.  769 
227. 837 

+  335.480 
336. 893 

—  23.69 
20. 12 
16.27 
12.51 

+  337.020 
338. 460 

-f  335-  562 
336. 962 

+  343-  271 

+  336. 290 
337.688 


Proper 
motion. 


J. 

—  0.630 

0.629 

—  o.  375 
0.364 

0.363 

—  0.429 
0.428 

—  0.642 
0.642 

—  0.416 
0.411 

—  o.  436 
0.430 

—  0.219 
0.218 

—  0.708 
o.  704 
0.706 

—  o.  131 
o.  126 

-f  o.  190 
o.  189 

—  o.  100 
o.  100 

—  o.  232 

—  1. 191 

1. 198 

1.200 

■h  0.003 
0.008 

—  0,04 
0.05 
0.05 
0.07 

—  0.650 
0.653 

-f  0.098 
o.  102 

—  o.  147 

—  0.199 
0.194 


Sec  var. 

of  proper 

motion. 


J. 


4-0.005 


—0.001 


004 
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DECLINATIONS. 


No. 


Star. 


666 


667 


668 


669 


670 


671 


672 


673 


674 

676 

677 
678 


679 


680 


681 

682 

683 
684 


y  Scorpii 


/?  Bootis 


v'  Librae 


v'  Librae 


<*  Librae 


<a  Librae 


26  Librae 


/?  Libra 


28  Librae 


o'  Librae 


o*  Librae 


B,  A.  C.  5070 
/i*  Bootis    .     - 


r^  Libra 


y*  Ursae  Minoris 


^  Libra 


^  Libra 


^ 
S 


B.  A.  C.  5109 
C*  Libra    .     . 


3.5 
3-5 

3-0 
3-0 

6.0 

5.5 

0.5 
6.9 

5.5 
5.0 

6.5 
6.5 

7.0 
6.5 

2.5 

3.1 

6.0 
6.0 

7.0 
6.4 

6.0 
7.0 

6.2 

4.0 
4.0 

6.0 
5-9 

5.5 
3-0 

7.5 
7.0 

6.0 
6.0 

6.2 

6.0 
S.8 


I 


755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

850 

755 
850 

900 

755 
850 

755 
800 

850 

900 

755 
850 

755 
850 

850 

755 
850 


Declination. 


o 

+  24 

24 

-f  41 
40 

40 

—  15 
15 

—  15 
15 

—  18 
19 

—  18 
19 

—  16 
17 

—  8 
8 

9 

—  17 
17 

14 
15 

—  14 
M 

—  II 

+  38 
37 
37 

—  15 
16 


18    3.62 

41  19. 14 

22    8. 63 

59    4.90 
47    5- 12 

17  20.15 
40  17.43 

31    4^58 

53  59.21 

50  46. 15 

13  12.68 

42  25.38 
4  43.  70 

50    6.43 
12  16. 17 

27  40. 58 

49  32. 87 
o  50.92 

14  58.  23 
36  35. 90 

38  47-  44 
o  12.59 

14  25.  54 
35  40.65 

49  48.61 

14  56. 29 

54  20. 97 

43  40. 09 

50  33. 86 
II  21.82 


4-  72  42  19.  77 

72  32  43. 99 
72  22  3. 83 
72  11  23.34 

—  16  34  34. 13 
16  55    9. 08 

—  15  44  56. 84 
16    5  26. 57 

—  19    9  19.56 

—  16    o    7.21 
16  20  24.00 


Centennial 
variation. 


// 


—  1485.64 
1452. 12 

—  1467.61 

1445. 46 
1433. 66 

—  1465.  c  4 
1433. 45 

—  1463. 1 7 
1430.65 

—  1434.36 
1400. 27 

—  1425.  72 
1391.64 

—  1416.66 
1382.63 

—  «397.  71 
1364. 87 

1347.  29 

—  1383.44 
1348.31 

—  1370.04 
^335-  40 

—  1359.55 
1324.  70 

—  i3«9.  79 

—  i3>2.43 
1288. 20 

"275. 32 

—  »33".  53 
1295.56 

—  1279.06 
1279.94 
1280.67 
1281.21 

—  I3'7.89 
1281.85 

—  I3'2.52 
1276. 24 

—  1264.92 

—  1299.09 

1262. 47 


Secular 
variation. 


+  34.  75 
35.82 

+  23. 15 
23.50 
23.68 

+  33-  73 
34.67 

+  33.76 
34.69 

+  35. 37 
36.41 

+  35.40 
36.36 

+  35.31 
36.34 

+  34.17 
34.97 
35-39 

-f  36. 50 
37.47 

-f  36.01 
36.90 

+  36. 23 

37.13 

4-  36.61 

+  25.34 
25.67 

25.83 

+  37.42 
38.31 

—  2. 12 
1.72 
1.28 
0.84 

+  37. 50 
38.38 

+  37.  72 
38.66 

+  39-  43 

+  38. 10 
39.00 


Struve*s 
precession. 


—  1480.56 

1446. 97 

—  1463. 13 
1440.94 

1429. 12 

—  1461.41 
1428. 87 

—  1460.32 
1427.  74 

—  "429.25 
1395. 25 

—  1422.42 
1388.  28 

—  1413.92 
1379. 92 

—  "394.  72 
1361.80 
1344.18 

—  1374.49 
"339. 44 

—  "372.46 
"337. 84 

—  "359. 4" 
"324. 58 

—  "3"8.  "5 

—  1321.40 
1297. 07 

1284. 13 

—  1326.40 
1290. 50 

—  1280.84 
1281.  71 
1282. 44 

1282. 98 

—  "3"7.9" 
1281.  77 

—  "3"o.45 
1274. 27 

—  1262. 18 

—  "295.63 
1259.  II 


Proper 
motion. 


Sec.  var. 

of  proper 

motion. 


// 

—  5.08 

5.  "5 

—  4.48 
4.52 

4.54 

—  4.53 
4.58 

—  2.85 
2.91 

—  5."" 

•     5-02 

—  3.30 
3.36 

—  2.74 

2.71 

—  2.99 

3.07 
3."" 

-8.95 

8.87 

-f  2.42 
2.44 

—  o.  14 

O.  12 

—   1.64 

+  8.97 
8.87 
8.81 

—  5.  "3 
5.06 

+  ".78 
"77 
".77 
".77 

-f-  0.02 

—  0.08 

— '  2.07 
"97 

—  2.74 

—  3.46 
3- 36 


/• 


—  0.04 


—  0.07 


~  O.  !l 
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RIGHT  ASCENSIONS. 


No. 


685 


686 


687 

688 

689 

690 
691 
692 


694 


695 


696 


697 


698 


701 


703 


Star. 


y  Librae 


a  Coronac  Horealis 


41  Librae 


42  Librae 


K  Librae 


B.  A.  C.  5188 
B.  A.  C.  5197 
H  Librae    . 


693       a  Serpentis 


b  Scorpii 


f  Serpentis 


A  Scorpiii(2d  star) 


A  Librae 


B.  A.  C.  5253 


699  B.  A.  C.  5254 

•700  '        B.  A.  C.  5255 


^  Librae 


702  '    3  Scorpii  - 


47  Librae 


704  ,    4  Scorpii 


U 


«M        (A 

O     B 

I  " 


755 

5 

850 

64 

755 

10 

850 
000 

" 

755 

3 

850 

7 

755 
850 

755 
850 

850 

850 

755 
850 

755 
850 

900 

755 
850 


755 
850 

850 

850 

755 
850 

755 
850 

755 
850 

755 
850 


I 


2 
26 

5 
34 

13 
6 

5 

40 

10 


2 
15 


755 

5 

850 
000 

228 

755 

3 

850 

22 

755 

5 

850 

23 

I 
10 

8 


4 
57 

I 
6 

2 
5 

I 
10 


Right  ascension. 


21 

27 

24 
28 

30 

24 

30 

25 
31 

27 
33 

35 

36 

30 
35 

32 
36 
39 

36 
41 

38 
43 
45 

38 
44 

39 
44 

39 
44 

45 

45 

39 
45 

40 
45 

40 
46 


J. 

5'- 474 

8.536 

19. 267 
20. 303 
27. 249 

50. 857 
16.895 

50-957 
25. 405 

52.603 
18.  741 

0.7 

53.6 

19.691 

38.499 

13.070 
52. 970 
20.506 

18.092 
58. 030 

37. 30" 
20. 536 

49-843 

57-379 
36.943 

9-334 
38. 050 

18.850 

56. 854 

0.782 

12.2 

54.862 

17.509 

0.123 

39-796 

53-  374 
20.656 


40    44.802 
46    26.  765 


Centennial 
variation. 


J. 
-f  333-  loi 
334-  397 

-f  253.615 
253. 832 
253. 952 

+  342.446 
343-  948 

+  351-  '88 
352.912 

+  342. 550 
344.056 


+  334.933 
336.244 

+  294.342 
294. 920 
295. 226 

+  356. 943 
358. 712 

-f  297.833 
298. 452 
298.  778 

+  356. 572 
358. 297 

-f  345-  285 
346.  746 

-f  354. 953 
356. 632 

4-  355-266 

-f  338. 981 
340. 273 

-f  356.692 
358. 404 

+  343.  798 
345. 213 

-f  359-077 
360.841 


Secular 
variation. 


+  I 
I 

-f  o 
o 
o 

-f 
-f 
-f 

-f  o 
o 
o 

+  I 

I 

+  0 

o 
o 

4- 
+ 


+ 


+ 


Struve's 
precession. 


J. 
368 

361 

220 

237 
244 

587 
576 

82s 
806 

591 
579 

351 
822 

386 

375 

607 
612 

613 

875 
850 

650 
650 

653 

829 
803 

548 
528 

780 
754 
721 

799 

370 
351 
816 
789 
500 
479 

872 
842 


Proper 
motion. 


J. 
-f  332.629 

333-  927 

-f  252.698 
252. 914 

253. 036 

4-  34».832 

343-  329 

+  35'-4" 
353- "37 

+  343.004 
344. 497 

+  335- 180 

+  356.023 

+  335- 209 
336.514 

-f  293.466 

294.047 
294.360 

+  357.47' 
359. 238 

+  297.003 
297.631 

297. 958 

4-  356.942 
358.666 

4-  345-513 
346. 972 

4-  355- "8o 
356. 858 

4-  355.579 

4-  358.956 

4-  338. 387 
339. 683 

4-  356.913  I 
358. 634 

4-  344.053 
345. 465 


J. 
4-  0.472 
0.470 

4-  0.917 
0.918 

0.916 

4-  0.614 
0.619 

—  0.223 
0.225 

—  o.  454 
0.441 


~  0.276 
0.270 

4-  0.876 
0.873 
0.866 

—  0.528 
0.526 

4-  0.830 
0.821 
0.820 

—  0.370 
0.369 

—  0.228 
0.226 

—  o.  227 
0.226 

—  0.313 


4-  0.594 
0.590 

—  0.221 
0.230 

—  o.  255 
0.252 


4-  359.425  '  —  0.348 


361. 194 


0.353 


Sec.  var. 

of  proper 

motion. 


J. 


-f  0.002 


.004 


—0.005 


^No.  700.    There  is  some  doubt  respecting  the  existence  of  this  star. 
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DECLINATIONS. 


1 

No. 

1 

Star. 

it 

1 

• 

:  I 

■   w 

Declination. 

Centennial 
variation. 

1 

1    Secular 
variation. 

1 

Struve*s 
'  precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0     /        // 

// 

// 

1 

i                " 

II 

II 

685, 

y  Librx    .     . 

4.5 

1755 

—  '3  57  '^.35 

—  '277.52 

+  38. 07 

—  1277.21 

—  0.31 

, 

• 

4.4 

1850 

14  17    6.68 

1240. 96 

38.9* 

1240.  70 

0..26 

1 

686 

a  Coronsc  Borealis    . 

2.0 

1755 

+  27  33  14. 97 

—  1270.62 

-f  29.45 

—  1260.52 

— 10. 10 

-f-o.il 

2.0 

1850 

27  13  21.23 

1242.45 

29.85 

'232.45 

10.00 

1900 

27    3    3-75 

1227.  52 

30.05 

1         1217.58 

9.94 

687 

41  Librae    .... 

6.0 

>755 

—  18  28  29.80 

—  1264.39 

+  39. 55 

—  1256.94 

—  7.45 

5.9 

1850 

18  48  12.99 

1226.39 

40.44 

1219.00 

7.39 

688 

42  Libra    .... 

5.5 

1755 

—  23    0    1. 15 

—  '253-47 

+  40.66 

—  1250. 12 

—  3.35 

1 

5.7 

1850 

23  '9  33-  41 

1214.38 

41.64 

1211.05 

3-33 

:      689 

K  Librae    .... 

5.0 

1755 

—  18  51  50.65 

—  1247.56 

-f-  39.97 

—  1236.17 

—".39 

5.5 

1850 

19  II  17.65 

1209.20 

40.80 

"97.84 

11.36 

690 

B.  A.  C.  5188  .     . 

6.6 

1850 

—  '4  33  27.  7' 

—  1196.09 

-f  39.94 

-  1185.87 

—10. 22 

:  691 

B.  A.  C.  5197  .     - 

6.0 

1850 

—  24  14  27.4 

. 

-f  42.64 

—  "72.55 

.     .     . 

692 

J7  Librae    .... 

4.5 

'755 

—  14  52  18.  79 

—  1226.55 

-f  39. 52 

—  1219.23 

—  7.32 

5.9 

1850 

15  II  26.06 

1188.59 

40.41 

1 181. 36 

7.23 

693 

a  Serpentis    .     .     . 

2.5 

'755 

-f    7  12  50.82 

—  1202.  73 

+  34.95 

—  1205.99 

+  3.26 

-f  O.II 

1 

2.6 

1850 

6  54    4.08 

1 169. 26 

35-5' 

1 1 72. 62 

3.36 

t 

1900 

6  44  23.90 

1151.44 

35-79 

1154.86 

3-42 

694 

b  Scorpii  .... 

5-0 

'755 

—  2459    1.36 

—  1183.26 

-h  42.61 

—  1177.22 

—  6.04 

1 

5.3 

1850 

25  17  26.08 

"42.33 

43.55 

1136.24 

6.09 

69s 

e  Serpentis    .     .     . 

3.0 

'755 

+    5  '3  58. 35 

—  "54.05 

-f  36.07 

—  "60.73 

-f  6.68 

-f  0. 11 

• 

3-7 

1850 

4  55  58. 36 

1 119. 52 

36.62 

1126.30 

6.78 

1900 

4  46  43-  '9 

iioi.  14 

36.92 

1107.98 

6.84 

696 

A  Scorpii  (2d  star)    . 

5.0 

1755 

—  24  34  24. 20 

—  1162. 18 

-*-  42.93 

—  1158.34 

-3.84 

5.2 

1850 

24  52  28.  76 

1120.96 

43.85 

1117.06 

3.90 

697 

A  Librx    .... 

5.0 

'755 

—  19  24  47. 28 

—  1 160.  51 

+  4'.  63 

—  1156.91 

—  3.60 

5.5 

1850 

19  42  50. 85 

1120.57 

42.47 

1 1 16. 93 

3.64 

698 

B.  A.  C.  5253  .     . 

6.0 

'755 

—  23  46  51.61 

—  1158.87 

+  42.90 

—  1155.82 

—  3.05 

5-8 

1850 

24    4  53- 06 

1117.68 

43.83 

1 1 14. 65 

3.03 

699 

B.  A.  C.  5254  .     . 

5-8 

1850 

—  23  31  35.69 

—  "15.89 

*  +  43.  54 

—  1114.  16 

--  '73 

1 
700 

B.  A.  C.  5255  .     . 

6.0 

1850 

—  24  57  37.5 

. 

+  44.04 

—  1112.80 

«         «         • 

701 

e  Libra!    .... 

4.5 

'755 

—  15  59  20. 24 

—  1140.08 

-f  41.26 

-  1151.51 

+".43 

4.8 

1850 

16  17    4.57 

1 100. 48 

42.07 

"12.  15 

•11.67 

702 

3  Scorpn  .... 

6.0 

'755 

—  24  29  42.80 

—  "53-62 

+  43.09 

—    1150.82 

—  2.80 

6.7 

1850 

24  47  39.  '5 

1 1 12. 25 

44.00 

1 109.  46 

2.79 

703 

47  Libne    .... 

7.0 

'755 

—  18  38  15.52 

—  1147.86 

+  4'.  66 

—    1144.47 

—  3.39 

6.4 

1850 

18  56    7.07 

1107.90 

42.48 

1 104.  46 

3-44 

704 

4  Scorpii  .     - 

6.5 

'755 

—  25  31  17.08 

—  1 149. '9 

+  43-  46 

—    "45.48 

—  3.7' 

1 

6.3 

1850 

1 

25  49    9. 06 

1 107. 47 

44.38 

"O3.73 

3.74 

14 
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RIGHT  ASCENSIONS. 


1 

No. 

1 

Star. 

1 

,  Epoch.          i 

1 
1 

Number  of  \ 
observations. 

Right  as 

cension. 
s. 

Centennial 
variation. 

1 

1 

Secular 
variation. 

s. 

Struve*s 
precession. 

s. 

Proper 
motion. 

1 
Sec.  var. 

of  proper 

motion. 

s. 

1 

A.    m. 

/. 

s. 

1     70s  . 

C  Ursre  Minoris  .     . 

1755 

• 

>5    53 

22.50 

—  253." 

+21.49 

—  254. 4" 

+  ".30 

i 

1800 

• 

>5    5« 

30.74 

243.75 

21.04 

•245.04 

1.29 

1 

1850 

- 

15    49 

31.57 

233. 16 

20.51 

234.43 

1.27 

1 
1 

1 

! 

1900 

• 

15    47 

37.54 

223. 02 

20.00 

224.28 

1.26 

t 

706 

n  Scorpii  .... 

"755 

5 

15    44 

4.93" 

+  359. 439 

+  1.838 

+  359.634 

—  0. 195 

1850 

20 

1$    49 

47.  225 

361.174 

1. 814 

361.361 

0.187 

!   707 

48  Librx    .... 

>75S 

3 

15    44 

30. 328 

+  333'  539 

+  1.254 

+  333. 766 

—  0. 227 

1850 

15 

>5    49 

47.  753 

334.  723 

1.239 

334.949 

0.226 

708 

e  Corona;  Borealis    . 

1755 

4 

15    47 

27. 108 

+  247.928 

-f  0.286 

+  248.435 

—  0. 507 

4-0.003 

1850 

57 

>5    5> 

22.  770 

248.204 

0.296 

248.  707 

0.503 

1900 

•                  m 

'5    53 

26.909 

248.354 

0.303 

248.861 

0.507 

709 

6  Scorpii  .... 

1755 

5 

15    45 

53.486 

+  351.708 

-f  1.630 

+  35".  829 

—  0. 121 

1850 

158 

>5    5> 

28. 339 

353.242 

1.598 

353. 362 

0. 120 

1900 

- 

15    54 

25. 159 

354. 038 

1.582 

354-  "56 

0. 118 

710 

49  Librae    .... 

1755 

2 

15    46 

36.766 

-f  334. 235 

+  1.390 

+  338.606 

—  4. 37" 

1 
1 

1850 

'7 

15    5> 

54. 9H 

335. 545 

1.368 

339. 87" 

4.326 

7" 

K  A.  C.  5314  .     . 

1850 

5 

15    54 

17.201 

4-  361. 142 

-f  ".750 

4-  36".  458 

—  0. 316 

712 

/?*  Scorpii  .... 

"755 

10 

>5    5> 

13.855 

-f  346. 151 

+  ".457 

4-  346.222 

0.071 

1850 

492 

15    56 

43. 350 

347.519 

1.429 

347. 592 

0.073 

1900 

- 

15    59 

37'  287 

348.229 

1. 411 

348.301 

0.072 

713 

w*  Scorpii  .... 

1755 

5 

15    52 

3". 044 

+  348. 126 

-f  ".487 

4-  348.306 

—  0.180 

1 

1850 

16 

15    58 

2.430 

349.  525 

"459 

349. 701 

0.176 

• 

,     714 

u^  Scorpii  .... 

1755 

5 

15    S3 

4.735 

-f  349.023 

-f  ".494 

4-  348. 822 

4-  0.201 

1850 

62 

15    58 

36. 977 

350. 429 

1.467 

350. 225 

0.204 

7'5 

Lai.  29314  .     .     . 

1850 

- 

15    58 

42.7 

. 

-f  "."78 

-f  335. 236 

•        •        • 

716 

B.A.C.5347    .     . 

1850 

10 

15    58 

59.598 

-f  364. 106 

-f  ".7"9 

-f  363. 3"2 

+  0.794 

717 

!    f'  Scorpii  .... 

«755 

I 

IS    57 

10.800 

-f  367. 159 

-f  1.860 

+  367. 523 

—  0.364 

\ 

1850 

7 

16      3 

0.432 

368.904 

1. 815 

369.264 

0.360 

718 

r-  Scorpii  .... 

1 755 

I 

15    57 

15.839 

4-  366.070 

4-  1.828 

4-  366. 287 

—  0.217 

! 

i 

1850 

17 

;6      3 

4.424 

367.  786 

1.284 

368.001 

0.215 

719 

v^  Scorpii  .... 

1755 

5 

>5    57 

47.760 

-f  345. 987 

+  ".387 

4-  346. 188 

—  0.201 

1850 

78 

16      3 

17.068 

347. 292 

1. 361 

347. 525 

0.233 

1    720 

B.  A.  C.  5395  .     . 

"755 

•         • 

>5    59 

18. 630 

+  349. 991 

-f  ".475 

4-  350. 818 

—  0.827 

1 
1 

i 

« 

J  850 

12 

16      4 

5».  782 

351.376 

1.44" 

352. 205 

0.829 

1 

721 

Groombridge  2320 

"755 

- 

16      5 

46.03 

-f      8.43 

-f  4.21 

+     9.39 

—  0.96   . 

1800 

- 

16      5 

50.24 

10.32 

4. 16 

11.29 

0.97 

1 

1 

1850 

- 

16      s 

55.91 

"2.37 

4.08 

"3. 35 

0.98 

1900 

•         • 

16      6 

2.60 

14.40 

4.01 

"5.39 

0.99 

722 

d  Ophiuchi           .      . 

"755 

5 

16    -I 

31.764 

-t-  3"2.842 

-f  0.842 

-f  3"3.  "83 

—  0.341 

4-0.007 

1 

1850 

699 

16      6 

29.342 

3"3.636 

0.830 

3"3.967 

0.331 

1 

1 

1900 

*         • 

16      9 

6.264 

314.050 

0.824 

3"4.379 

0.329 
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DECLINATIONS. 


No. 

Star. 

• 

1 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Struve*s 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0    /        // 

II 

// 

II 

// 

// 

705 

C  Ursae  Minoris  . 

4.0 

1755 

4-  78  32    6. 19 

—  '053. 38 

-30.86 

—  "053.03 

—  0.35 

1800 

78  24    9.08 

1066.96 

29.50 

1066.68 

0.28 

4.5 

1850 

78  15  11.97 

1081.33 

28.03 

1081.  13 

0.20 

•1900 

78    6    7.86 

1094.98 

26.60 

1094.86 

0. 12 

706 

n  Scorpii  .... 

3.5 

1755 

—  25  23    8. 66 

—  1125.98 

-t-  44.06 

—  1121.40 

-4.58 

3.4 

1850 

25  40  38. 33 

1083.  70 

44.97 

1079.  20 

4.50 

707 

48  Librae    .... 

5.0 

1755 

—  >3  33    4. 39 

—  1122.20 

-t-  40. 85 

—  1 1 18. 32 

-3.88 

5.4 

1850 

>3  50  3«-94 

1083.04 

41.60 

1079.  "4 

3- 90 

708 

e  Coronae  Borealis    . 

4.5 

1755 

-f  27  36    9.05 

—  1102.96 

-f  30.  77 

—  1096.85 

—  6.  II 

—  0.03 

4.0 

1850 

27  18  55.17 

1073. 57 

31.  II 

1067. 43 

6. 14 

1900 

27    ID      2.28 

1057.97 

3>.29 

1051.81 

6.16 

709 

6  Scorpii  .... 

3-0 

1755 

—  21    54      7.  77 

—  nil. 90 

-t-  43. 3> 

—  1108.27 

—  3.63 

—  0.02 

2.3 

1850 

22    II    24.42 

1070. 38 

44.08 

1066.73 

3.65 

1 

1900 

22   20   14.08 

1048.24 

44.49 

1044.59 

3.65 

710 

49  Librae    .... 

5.5 

1755 

—   15   47   27.45 

—  1141.78 

-f  40.  74 

—  1102.94 

-38.84 

1 

5-9 

1850 

16      5    13.64 

1 102.  72 

41.50 

1063. 46 

39.26 

7" 

B.  A.  C.  5314  .     . 

5-7 

1850 

—  25   26  31.  76 

—  1048.59 

+  45. 37 

—  1045.  78 

—  2.81 

712 

/3'  Scorpii  .... 

2.0 

1755 

—  19    6  45.40 

—  1072.  76 

-f  43. 23 

—  1068.97 

—  3.79 

—  0.02 

2.5 

1850 

19   23   24.90 

'031.35 

43-94 

1027.  56 

3.79 

1900 

19  3>  55- 06 

1009.29 

44.32 

1005.48 

3.81 

713 

w*  Scorpii  .... 

4-5 

1755 

—  19  58  59. 26 

—  1063.40 

-f  43.  56 

—  1059.42 

-3.98 

1 

4.6 

1850 

20  15  29.  71 

1021.64 

44.36 

1017.62 

4.02 

714 

w'  Scorpii  .... 

4.5 

1755 

—  20  II    2.56 

—  1062. 10 

-+•  43.91 

—  1055.27 

-6.83 

4.6 

1850 

20  27  31.62 

1020. 02 

44.70 

1013. 30 

6.72 

715 

I^.  29314  .     .     . 

6.8 

1850 

"3  39  49.8 

. 

-f  42. 65 

—  1012.56 

. 

716 

B.  A.  C.  5347  .     . 

6.0 

1850 

—  25  55  13.  74 

999.09 

-f  46.42 

—  1010.45 

+  11.36 

717 

c^  Scorpii  .... 

6.0 

«755 

—  27  45  20.47 

—  1030.85 

+  46.45 

—  1024.50 

-  6.35 

* 

6.1 

1850 

28     I  18  68 

986.30 

47.33 

979.94 

6.36 

7«8 

c'  Scorpii  .... 

5.0 

1755 

—  27  16    0. 14 

—  1027.48 

+  46.34 

—  1023.94 

-  3.54 

5-3 

1850 

27  3«  55.21 

983.04 

47.21 

979. 43 

3.61 

I 

719 

V*  Scorpii  .... 

4,0 

'755 

—  18  48    5.24 

—  1024.29 

+  44.13 

—  1019.95 

—  4.34 

4-5 

1850 

19    3  58. 28 

982.05 

44.78 

977. 83 

4.22 

720 

B.  A.  C.  5395  .     . 

•             • 

1755 

—  20  45    9. 16 

—  1005.57 

+  44. 63 

—  1008.51 

4-  2.94 

7.0 

1850 

21    0  44.22 

962.81 

45-40 

965.74 

2.93 

721 

Groombridjje  2320 

1755 

4-  68  27  24.09 

—    952.14 

-f     1.37 

—    959.19 

+  7.05 

1800 

68  20  15.  76 

951.48 

1. 61 

958. 47 

6.99 

5-7 

1850 

68  12  20.22 

950.60 

1.87 

957.  53 

6.93 

1900 

68    4  25. 17 

949.60 

2. 16 

956. 4 1 

6.81 

722 

6  Ophiuchi     . 

3.0 

1755 

—    3    2  36. 92 

—  1005.90 

-f-  40.08 

—    99'.  62 

—14.28 

—  0.05 

2.7 

1850 

3  18  14-36 

967.57 

40.61 

953.  24 

»4.33 

1900 

3  26  13.06 

947.19 

40.89 

932.84 

'4-35 

• 
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RIGHT  ASCENSIONS. 


No. 


723 
724 

725 
726 

727 


Star. 


W«  16^  140 
B.  A.  C.  5429 
19  Scorpii  : 

a  Scorpii  . 

r  Herculis 


728 


729 


730 


731 


732 


733 


734 


735 


736 


737 


738 


739 


740 


^  Ophiuchi 


p  Ophiuchi  (south  star) 


X  Ophiuchi 


a  Scorpii  . 


22  Scorpii 


17  Draconis 


0  Ophiuchi 


cj  Ophiuchi 


(i  Herculis 


r  Scorpii 


A  Draconis 


C  Ophiuchi 


a  Trianguli  Austral  is 


o  e 

o 


£   S  I  Right  ascension. 


M 


^  O  ' 


850 

850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
800 

850 

900 

755 
850 

900 

850 

875 
900 


I 


3 

3 
18 

5 
76 

'59 

5 
40 

5 
II 

5 
28 

20 
520 


5 
16 


264 

5 
30 

5 
26 

5 
48 

5 
46 


5 
199 


A,    w. 


6 

6 

6 
6 

6 
6 

6 
6 
6 

6 
6 

6 
6 

6 
6 

6 
6 
6 

6 
6 

6 
6 
6 

6 
6 

6 
6 

6 
6 
6 

6 
6 

6 
6 
6 
6 

6 
6 
6 

6 
6 
6 


7 

9 

5 
II 

6 

2 

2 

5 
6 

9 
5 

o 
6 

2 
8 

4 
20 

23 
'5 

2! 

20 
21 
22 

17 
22 

17 
23 

19 
23 

25 

20 
26 

28 
28 
28 
28 

23 

28 

3' 

32 

35 
38 


s. 

23.8 

0.281 

56. 293 
37.090 

20.  507 

4.733 

23.416 
14.087 
44.  1 01 

48.  077 

19.  928 

56.  129 
35.885 

51.584 

20.  186 

25.669 
13.076 
16.476 

21.  776 
6.095 

43.  073 
58.144 

38.  329 
8.855 

33'  572 

38.966 
15. 108 

41.845 
46. 405 
55. 252 
40.296 
33- 148 

34.13 
25.96 

17.89 
10.85 

41.529 
54.209 
39.098 

50.05 
26.92 

4.36 


Centennial 
variation. 


y. 

4  370.403 

+  358.007 

359. 455 

+  361.586 
363.094 

-f  179.408 
179.900 
180. 157 

4-  348.690 
349-  939 

-f  356. 948 
358. 322 

-f  345. 296 
346.483 

+  364.953 
366.423 

367.176 

-f  361.  736 
363. 137 

-f     78.139 

79.909 
80.828 

-f-  341.268 
342.341 

+  353.218 
354. 445 

4-  257.  260 
257.604 
257.  786 

+  370. 688 
372. 155 

—  19.08 
17.18 
15.  II 

13.07 

-t-  328.  71 1 
329. 559 
329. 995 

-f  626.32 
628. 62 
630.88 


Secular 
variation. 


-f 

-f  o 
o 
o 


+ 


-f 


+  0 

o 
o 


+  4 


4 
4 


+  o 
o, 
o 

+  9 

9 
8 


s, 
154 

770 

545 
504 

608 
566 

521 
516 
512 

334 
297 

467 
425 

294 
204 

573 
521 

491 

500 
450 

875 
851 

824 

146 
112 

314 
271 

362 

363 
364 

556 
532 

23 


4.18 

>3 
05 


906 

879 
863 

32 

>3 
92 


Struve*s 
precession. 


s, 
-f  337.  598 

-f  370.  721 

+  358.236 
359.684 

+  361. 811 
363. 3«9 

+  179.487 

179.977 
180. 232 

+  348. 855 
350.  "Of 

+  357. 124 
358. 492 

+  345. 5 '5 
346.675 

+  365. 085 
366. 550 
367. 306 

4-  361.846 
363. 243 

-t-  77.952 

79.  757 
80.691 

-f  341.682 
342.  75 « 

+  353.  "2 
354. 343 

-f  257.946 
258. 289 

258. 473 

-t-  370.687 
372. 166 

—  19.17 
17.27 

15.19 

13. '4 

-f  328. 637 
329.489 
329. 928 

-f  626.32 
628. 62 
630. 87 


Proper 
motion. 


•  •  • 

—  0.318 

—  o.  229 
0.229 

—  o.  225 
o.  225 

—  0.079 
0.077 

0.075 

—  o.  165 
o.  162 

—  o.  176 
o.  170 

—  o.  219 
o.  192 

—  o.  132 
o.  127 

0.130 

—  o.  no 
o.  106 

+  o.  187 

0.152 
0.137 

—  0.414 
0.410 

4-  o.  106 
o.  102 

—  0.686 
0.685 
0.687 

4-  o.ooi 

—  O.OII 

4.  0.09 

0.09 

0.08 

0.07 

4-  0.074 
0.070 
0.067 

0.00 

0.00 
4-  0.01 


Sec  var. 

of  proper 

motion. 


s. 


002 


4-0.002 


.020 


—0.003 
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No. 


723 
724 
725 

726 

727 


728 


729 


730 


731 


732 


733 


734 


735 


736 


737 


738 


739 


740 


Star. 


W«  i6»»  140 
B.  A.  C.  5429 
19  Scorpii  .     . 


a  Scorpii 


r  Herculis 


Y^  Ophiuchi 


p  Ophiuchi  (south  star) 


X  Ophiuchi 


a  Scorpii  . 


22  Scorpii  . 


ri  Draconis 


^  Ophiuchi 


u  Ophiuchi 


/J  Herculis 


T  Scorpii  . 


A  Draconis 


C  Ophiuchi 


a  Trianguli  Australis 


6.3 

6.0 

5-> 
4.0 
3-4 
4.0 
3.3 

5.0 
4.8 

5.0 
5.0 

5.0 
4.6 

i.o 
1.4 

6,0 

5.5 

3.0 
2.7 

4-5 
4.6 

5-0 
4.7 

2.5 
2.3 

3-5 
3.2 

4.5 
5.0 

3.5 
2.7 

2.2 


850 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

900 

755 
850' 

755 
800 

850 

900 

755 
850 

900 

850 

87s 
900 


Declination. 


// 


—  14  28    8. 5 

—  28  14    8. 26 


—  23 
23 

—  24 
25 

+  46 
46 
46 

—  19 
19 

—  22 
23 

—  17 
18 

—  25 
26 
26 

—  24 

24 

-f-  62 
61 
61 

—  16 
16 

—  20 
21 

-f  22 
21 
21 

—  27 
27 

+  69 

69 

69 
68 

—  10 
10 
10 

—  68 
68 
68 


Centennial 
variation. 


33  '5.20 

48  10.31 

58  5>.75 
13  40.05 

54  32. 35 
40  22.  79 

33    4-29 

26  24.84 
40  52. 94 

51  31.45 

5  47. 52 

52  37-  65 

6  40. 23 

5»  49.30 

5  38. 31 

12  36.98 

33    5.64 

46  47. 99 

4  27. 52 
51  17.40 
44  25.  52 

3  20. 65 

16  51.32 

55  6.28 
8  25. 58 

2  25.95 

49  11.98 
42  26.61 

40  55. 63 

53  57. 87 

17  52.50 
12    2. 50 

5  33. 14 

59  3.35 

2  55.76 

«5  3«.39 
21  52.93 

44  34-71 

47  39. 59 

50  39.  X I 


// 


945.53 

964.36 
919.95 

957.45 
912.52 

905.55 
882.97 

871.01 

935. 50 
891.96 

923. 40 
878.  72 

908.62 
865. 14 

895.63 

849.57 
825. 07 

888.47 
842.68 

836. 85 
826. 52 
820.98 

874.89 
831.68 

863.  74 
818.90 

852. 12 
819. 40 
802.06 

847.07 
799.63 

777. 32 
778. 27 

779.17 
779.96 

816.47 
774. 26 
751.86 

750. 19 
728.82 
707.28 


Secular 
variation. 


Stnive*s 
precession. 


+  43. 83 
-f  48. 18 

+  46. 33 
47.17 

-f  46.88 
47.71 

+  23.67 
23.86 
23.96 

+  45.48 
46.18 

4-  46.66 
47.40 

+  45-44 
46.08 

-f  48.  IS 
48.82 
49.18 

-f  47.86 
48.55 

4-  10. 76 
II. 01 
II.  13 

-f  45. 18 
45.80 

+  46.86 
47-53 

+  34.29 
34.60  I 

34-76 

+  49. 57 
50.32 

—  2.22 
1.96 
1.68 

1.44 

-f  44.18 
44.67 

44.93 

-f  85. 16 
85.85 
86.52 


946.26 
933.80 

957.87 

913. 52 

954.78 
909.93 

907.86 
885.24 
873. 26 

928. 02 
884.47 

919. 20 
874.51 

904.20 
860.80 

891.97 

845.90 
821.40 

884.60 
838. 87 

842.27 

831.97 
826.45 

870. 53 
827. 26 

866.58 
821.  74 

850.34 
817.58 

800.21 

842.62 
795.30 

779. 40 
780.35 
781. 26 
782.04 

818. 58 
776. 38 
753-98 

744.54 

723. 17 
701.63 


Proper 
motion. 


// 


—".73 

—  6.49 
6.43 

—  2.67 
2.59 

-f  2.31 
2.27 
2.25 

—  7.48 
7.49 

—  4.20 
4.21 

—  4.42 
4.34 

—  3.66 
3.67 
3.67 

-3.87 
3.81 

+  5-42 
5.45 
5.47 

—  4.36 
4.42 

+  2.84 
2.84 

—  1.78 
1.82 
1.85 

—  4-45 
4.33 

4-2.08 
2.08 
2.09 
2.08 

4-  2.  II 
2. 12 
2. 12 

—  5.65 
5.65 
5.65 


Sec.  var. 

of  proper 

motion. 


// 


—  0.04 


—  o.  01 


4-  0.03 


—  o.oi 
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STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


No. 

Star. 

1  Epoch. 

1 

Number  of 
'  observations. 

Right  ascension. 

Centennial 
variation. 

s. 

Secular 
variation. 

Struve*s 
precession. 

Proper 
motion. 

Secvar. 

of  proper 

motion. 

A. 

m. 

s. 

s. 

s 

s. 

s. 

741 

24  Scorpii  .... 

«755 

5 

16 

27 

25-  938 

+  345-043 

-1-    I.  lOI 

4-  345- '77 

—  0.134 

• 

1850 

33 

16 

32 

54.219 

346.069 

1.059 

346.201 

0.132 

742 

B.  A.  C.  5580  .     . 

1755 

- 

16 

27 

31.671 

+  350.379 

-f  '.'67 

-f  350.392 

—  0.013 

1850 

II 

16 

33 

5.051 

351.466 

1. 122 

35'.  488 

0.022 

743 

15  Ophiuchi     .     .     . 

"755 

*          • 

16 

30 

26.  741 

+  358.  261 

-f  1.262 

+  358.  745 

—  0.484 

1850 

2 

16 

36 

7.650 

359. 434 

I.2Q8 

359.913 

0.479 

744 

25  Scorpii  .... 

1755 

I 

16 

3' 

53. 459 

-f  364.929 

-f    '.339 

+  364.972 

—  0.043 

1850 

26 

16 

37 

40.  736 

366. 173 

1.279 

366.217 

0.044 

745 

Tf  Herculis 

1755 

5 

16 

34 

30-  552 

-f  204. 859 

-t-  0. 387 

-(-  204.671 

4-  0.188 

4-0.005 

1850 

'39 

16 

37 

45.343 

205. 226 

0.385 

205.031 

0.195 

1900 

- 

16 

39 

28.004 

205.418 

0.385 

205. 220 

0. 198 

746 

18  Ophiuchi     .     .     . 

1850 

22 

16 

40 

37. 024 

-f  363. 874 

-f    I.  216 

-f  364.  '48 

-  0. 274 

747 

22  Ophiuchi     .     .     . 

1755 

2 

16 

40 

4.286 

+  360.47' 

+    '.'78 

+  360. 576 

—  0. 105 

1850 

'3 

16 

45 

47.  256 

361.563 

I.  120 

361.664 

6,  lOI 

748 

24  Ophiuchi     .     .     . 

1755 

4 

16 

42, 

3. '85 

+  359.  828 

-h    I.  138 

-f  359. 834 

—  0.006 

1850 

8 

16 

47 

45.  527 

360.882 

1.079 

360.893 

O.OII 

i    749 

K  Ophiuchi     ... 

«755 

5 

16 

46 

5.048 

-f  283.  148 

+  0. 453 

+  285. 139 

—  '.99' 

0.000 

1850 

367 

16 

50 

34.241 

283.  572 

0.439 

285.  564 

1.992 

t 

1900 

- 

16 

52 

56.082 

283.  790 

0.433 

285.  780 

1.990 

750          B.  A.  C.  5709  .     . 

>755 

I 

16 

44 

59.446 

-H  365. 3' 7 

4-  1. 168 

+  365.237 

4-  0.080 

1850 

9 

16 

50 

47.014 

366. 395 

1. 103 

366. 327 

0.068 

751 

26  Ophiuchi     .     .     . 

J  755 

I 

16 

45 

11.209 

-f  365. 129 

+  '.'74 

+  364.976 

+  0. 153 

# 

1850 

II 

16 

50 

58.601 

366. 213 

1. 109 

366.061 

0. 152 

752 

29  Ophiuchi     .     .     . 

"755 

3 

16 

47 

33-  056 

+  349.056 

+  0. 952 

+  349. 538 

—  0.482 

1850 

24 

16 

53 

5.081 

349-  936 

0.900 

350. 420 

0.484 

753 

31  Ophiuchi     .     .     . 

"755 

2 

16 

49 

40.  795 

4-  367. 200 

-f  1. 144 

-f  367.  '94 

4-  aoo6 

1850 

7 

16 

55 

30. 14' 

368. 254 

1.075 

368. 245 

0.009 

754 

(/  Herculis 

'755 

I 

16 

52 

34.454 

-f-  220.691 

+  0. 328 

-f  220.849 

—  0. 158 

—0.002 

k 

1850 

39 

16 

56 

4.258 

221.001 

0.324 

221. 165 

0. 164. 

1900 

- 

16 

57 

54-799 

221. 163 

0.323 

221.329 

0.166 

755 

B.  A.  C.  5758  .     . 

1755 

4 

16 

5» 

36. 012 

+  356. 163 

4-  1. 000 

+  356. 584 

—  0.421 

i 

1850 

7 

16 

57 

14.809 

357.085 

0.942 

357.497 

0.412 

756 

e  Ursx  Minoris  . 

1755 

- 

17 

II 

57.10 

-  671.  73 

+25. 91 

—  673. 23 

4-  1.50 

1 
1 

'775 

_ 

17 

9 

43-27 

666.48 

26.82 

667.98 

1.50 

i 

1800 

17 

6 

57. 5' 

659. 63 

27.87 

661.13 

1.50 

1825 

17 

4 

13.48 

652. 53 

28.88 

654.02 

'49 

1850 

- 

17 

I 

31.26 

645  '9 

29.86 

646.68 

1.49 

1875 

- 

16 

58 

50.91 

637. 61 

30.68 

639. 10 

'49 

1900 

- 

16 

56 

12.47 

—  629.85 

+3'.  49 

—  631.34 

4-  1.49 

757 

rf  Ophiuchi     . 

1755 

5 

16 

56 

21.014 

-f  342.  542 

-f  0.  785 

-f  342.424 

+  0. 118 

1850 

188 

17 

I 

46.  776 

343. 265 

0.738 

343.  '5' 

0. 114 

ft 
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DECLINATIONS. 


No. 

Star. 

^ 

S 

Epoch.          1 

! 

Declination. 

0    /        t' 

Centennial 
variation. 

Secular 
variation. 

Struve*s 
precession. 

Proper 
motion. 

Sec  var. 

of  proper 

motion. 

II 

// 

II 

// 

// 

741 

24  Scorpii  .... 

5.0 

1755 

-  '7  '4  39.97 

—  790.32 

-f-  46.  61 

-  788. 55 

—  '.77 

5.5 

1850 

1 7  26  49.  65 

745-  77 

47. '8 

744.00 

'.77 

742 

B.  A.  C.  5580  .     . 

7.5 

1755 

—  19  25  50. 65 

—  785.01 

-f  47. 34 

-  787.  79 

+  2.78 

6.0 

.1850 

'9  37  54. 95 

739.  75 

47.94 

742.58 

2.83 

743 

1$  Ophiuchi     .     .     . 

7.5 

>755 

—  22  42  14. 03 

—  764.68 

-f  48. 59 

—  764. 23 

—  0.45 

1^1 

1850 

22  53  58. 44 

718.21 

49.21 

717.68 

0.53 

744 

25  Scorpii  .... 

6.0 

"755 

25    3  27. 54 

—  752. 87 

-f-  49.66 

752. 57 

—  0.30 

7.0 

1850 

25  15    0.24 

705. 38 

50.30 

705.02 

0.36 

745 

rf  Herculis     .     .     .. 

3-0 

"755 

-f  39  24    7-  92 

—  740.32 

4-  28.21 

—  73'.  24 

—  9.08 

+  0.04 

3.3 

1850 

39  '2  37. 37 

7'3.43 

28.39 

704.39 

9.04 

1900 

39    644.21 

699.21 

28.49 

690.19 

9.02 

746 

18  Ophiuchi     .     .     . 

6.7 

1850 

—  24  22  19. 59 

-  685. 30 

-t-  50. 18 

—  680.92 

-4.38 

747 

22  Ophiuchi     .     .     . 

6.5 

"755 

-  23    5    5. 12 

—  690.87 

-t-  49. 70 

—  685. 65 

—  5.22 

6.7 

1850 

23  '5  38.93 

643. 39 

50.26 

638. 16 

5.23 

748 

24  Ophiuchi     .     .     . 

6.5 

«755 

—  22  44  10. 12 

—  669.88 

+  49.  77 

—  669.33 

—  0.55 

5.9 

1850 

22  54  23. 96 

622. 34 

50.32 

621.  76 

0.58 

749 

K  Ophiuchi     .     .     - 

4.0 

'755 

-f    9  46  30. 55 

—  636. 14 

-f  39.  '5 

—  635. 95 

—  0. 19 

—  0.31 

3-4 

1850 

9  36  43-  93 

598.83 

39.40 

598.35 

0.48 

1900 

9  3'  49.44 

579.09 

39.54 

578.45 

0.64 

750 

B.  A.  C.  5709  .     . 

6.0 

1755 

—  24  41  43. 68 

—  643. 91 

-f  50.  75 

—  645. 01 

-f  1. 10 

6.3 

1850 

24  51  32..41 

595. 44 

5'.  30 

596.58 

1. 14 

751 

26  Ophiuchi     .     .     . 

6.0 

"755 

—  24  35  22. 37 

—  650.  59 

-f  50.  75 

—  643. 35 

-  7.24 

6.1 

1850 

24  45  17.44 

602. 12 

5'.  30 

594.96 

7. 16 

752 

29  Ophiuchi     .     .     . 

6.0 

'755 

—  i«  30    3.29 

—  625.01 

+  48.  7' 

—  623.  77 

—  1.24 

6.8 

1850 

18  39  35.01 

578.54 

49.12 

577.30 

1.24 

753 

31  Ophiuchi     .     .     . 

7.5 

1755 

—  25  16  12.  75 

—  614. 34 

-t-  5'.  33 

—  606.05 

—  8.29 

6.7 

1850 

25  25  33-  '3 

565. 33 

51.85 

556.96 

•    8.37 

754 

d  Herculis      .     .     . 

5.0 

1755 

4-  33  56  17.26 

-  581.57 

+  3'.o' 

-  581.83 

-f  0.26 

—  0.05 

m 

5.0 

1850 

33  47  '8.  79 

552. 04 

31.16 

552. 26 

0.22 

1900 

33  42  46. 67 

536.44 

3'- 24 

536.64 

0.20 

755 

B.  A.  C.  5758  .     . 

6.0 

1755 

—  21  II  56.52 

—  600.62 

+  49.86 

-589.98 

—10.64 

6.6 

1850 

21  21    4.54 

553. 03 

50.33 

542.34 

10.69 

756 

f  Ursae  Minoris  . 

4.0 

'755 

4.  82  23  51.57 

—  418. 12 

-  95-  45 

—  4' 7. 58 

—  0.54 

'775 

82  22  26.04 

437.  '3 

94.50 

436. 63 

0.50 

• 

1800 

82  20  33. 80 

460.60 

93.26 

460. 15 

0.45 

1825 

82  18  35.  76 

483.  74 

91.96 

483. 35 

0.39 

4.3 

1850 

82  16  31.95 

506.56 

90.65 

506.22 

0.34 

'875 

82  14  22.49 

529.06 

89.26 

528. 77 

0.29 

1900 

-f  82  12    7.45 

—  551.20 

87.88 

—  550. 96 

—  0.24 

757 

17  Ophiuchi     .     .     . 

2.5 

'755 

—  15  23  49.43 

—  542. 32 

-f  48.3' 

—  550.11 

+  7.79 

* 

2.4 

1850 

15  32    2.  78 

496.24 

48.70 

504.04 

7.80 
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RIGHT  ASCENSIONS. 


No. 


758 


759 


760 


761 


762 


Star. 


763 
764 

765 

766 

767 
768 


769 


770 


771 


772 


773 


B.  A.  C.  5800  . 


A  Ophiuchi 


B.  A.  C.  5813 


B.  A.  C.  5815 


a  Herculis 


38  Ophiuchi     .     .      . 

39  Ophiuchi  (south  star) 

B.  A.  C.5831  .  . 
f  Ophiuchi     . 

B.  A.  C.  5846  .  . 
6  Ophiuchi     . 


43  Ophiuchi 


B.  A.  C.  5868 


fi  Ophiuchi 


{/  Ophiuchi 


r*  Ophiuchi 


774  1  52  Ophiuchi 


775       (3  Draconis 


1 


755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

900 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

900 


o   e 
M  .2 

Si      *^ 


B 


> 


I 

10 

5 
38 

23 

13 

10 


5 
II 

I 

10 

5 
5' 

I 

9 

5 
200 


3 

16 

5 
12 

5 
163 


30 

5 

49 

5 

5 

10 
299 


Right  ascension. 


n,   tn.  s, 

6     59  0.616 

4  54-105 

0  18. 672 

6  7-  775 

1  11.242 

7  0.302 

I  25.657 

7  M-  308 

3  29. 196 

7  48.592 
10  5. 242 

8  20. 460 

3  5-  755 

8  52.068 

3  10.666 

8  57.681 

6  20. 512 

12  I. 116 

6  41.647 

12  29. 870 

6  59.265 
12  48.112 
15  52.020 

7  57.998 
«3  55-441 

10  9. 055 

15  56.397 

1 1  25. 859 
17  12.838 

20  15.735 

1 1  44. 435 

17  46.873 

16  29. 272 
22  16. 043 

20  35.360 

26  17.293 

24  54.634 

27  2. 776 

28  10. 407 


Centenniil 
variation. 


J. 
+  371.  598 
372.576 

-f  366.921 
368. 019 

-f  366.882 
367.969 

+  366.552 
367. 439 

-f.  272.878 

273.213 
273. 385 

-f  371-416 

4-  364- "I 
364. 959 

-f  364.846 
365. 701 

-f  358. 139 
358.909 

-f  366. 135 
366. 954 

+  366. 79« 
367.612 
368.016 

+  375.812 
376.686 

+  365. 207 
365.966 

-f  364.859 
365. 610 

365-  977 

+  381.065 
381.947 

+  364.677 
365. 356 

+  359.623 
360. 226 

-f  134-635 
135.  «34 
135. 390 


Secular 
variation. 


X, 

+  I 
o 

I 

-f  I 
I 

-f  o 
o 

+  0 

o 
o 

-f  o 

+  0 

o 

-f  o 
o 

+  0 

o 

-f  o 
o 

+  o 
o 
o 

+  0 

o 

-f-«o, 
o 

-f  o 
o 
o, 

+  0 

o 

+  0 

o, 

+  o 
o 

+  o 
o, 
o 


069 
99" 

193 

120 

181 

108 

970 
898 

358 

347 
341 

928 

929 
858 

935 
866 

843 
777 

899 
826 

901 
827 
788 

963 
877 

835 
763 

833 
750 

7'7 

975 
882 

752 
679 

669 
601 

534 
5"7 
507 


Struve's 
precession. 


s, 
4-  37".  801 

372.  773 

+  370.645 
371.661 

+  370. 567 
371.571 

-f  367. 353 
368.241 

-f  272. 995 

273.33" 
273. 508 

+  372.036 

+  364.709 
365. 555 

+  364. 123 

364.969 

+  356.487 
357.242 

-f  366.679 

367. 500 

-f  366.962 

367.  779 
368. 181 

+  375-940 
376. 814 

-f  365.  "30 
365. 887 

4-  365.011 

365-  761 
366. 128 

+  381.358 
382. 231 

+  364-  786 
365-  465 

+  359-  848 
360.448 

-t-  134.750 

135. 255 
"35-510 


Proper 
motion. 


J. 

—  o.  203 
0.197 

—  3-724 
3.642 

-3.685 
3-602 

—  0.801 
0.802 

—  o.  117 
o.  118 

0.123 

—  0.620 

—  0.598 
0.596 

+  o.  723 

0.732 

-h  1.652 
1.667 

—  0.544 
0.546 

—  o.  171 
o.  167 
0.165 

—  o.  128 
o.  128 

-f  o.  077 
0.079 

—  o.  152 
o.  151 
o.  151 

—  o.  293 

0.284 

—  o.  109 
o.  109 

—  o.  225 

0.222 

—  o.  115 

O.  121 
O.  120 


Sec.  var. 

of  proper 

motion. 


X. 


003 


+0.010 


+0.001 
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DECLINATIONS. 


No. 


758 


759 


760 


761 


762 


763 
764 

765 

766 

767 

768 


769 


770 


771 


772 


773 


774 


775 


Star. 


B.  A.  C.  5800 


A  Ophiuchi 


B.  A.  C.  5813  . 


B.  A.  C.  5815 


a  Herculis 


38  Ophiuchi     .     .     . 

39  Ophiuchi  (south  star) 

B.  A.  C.  5831   .     . 
f  Ophiuchi     . 
B.  A.  C.  5846  .     . 


6  Ophiuchi 


43  Ophiuchi 


B.  A.  C.  5868 


d  Ophiuchi 


d  Ophiuchi 


<^  Ophiuchi 


52  Ophiuchi 


p  Draconis 


to 


6.5 
7.5 

4.5 
4.9 

7.0 
6.8 

7  5 
7.3 

3.5 
3.3 

• 

6.7 

6.0 

5.5 

6.0 
6.9 

4.5 
51 

7.5 
6.8 

3.5 
3.6 

6.0 
5.8 

7.0 
7.0 

5.5 
4.5 


5.0 
4.6 

5-0 
5-2 

7.0 
6.5 

2.0 
2.7 


I 


755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

900 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

900 


Declination. 


// 


26  39  49. 53 
26  47  56. 94 

26  12  59.29 
26  22  36.20 

26  9  59. 32 
26  19  29. 33 


—  25  7 

•f  14  41 
M  33 
14  30 

—  26  27 

—  23  59 
24  7 

—  23  46 
23  54 

—  20  49 
20  56 


48.5 

20.30 
55.08 
14.89 

28.30 

36.53 
4.89 

32.11 

6.33 

29.98 

47.44 


—  24  37  57.23 
24  44  56.  71 

—  24  43  40. 56 

24  50  39-  04 
24  54    o.  «7 

—  27  52  38.42 
27  59  29. 42 

—  23  59  34. 40 
24    6    2. 81 

—  23  55  24. 59 

24    I  54.35 
24    5    o.  46 

—  29  37  2.98 
29  43  30. 88 

—  23  44  48. 49 
23  50  27. 98 

—  21  51  6.24 
21  56  13.  73 

+  52  29  33.  71 
52  24  51.82 
52  22  30.  54 


Centennial 
variation. 


538.08 
487.98 

631.  78 
582.  73 

624.54 
575.41 


487.  II 
450.  14 

430. 62 

455. 63 

496.55 
447.32 

502. 85 
453-  39 

484.94 
435.98 

466.40 
416.  72 

465. 45 
415-49 
389.05 

458. 20 
406.98 

433.  71 
383. 93 

435. 15 

385. 36- 
359.06 

434. 26 
382. 30 

382. 30 
332. 38 

348. 32 
298.98 

305.99 
287.44 

277. 64 


Secular 

variation. 

II 

-f  52.  50 

52.96 

+ 

5^44 

51.90 

-f  51.49 

51.94 

-f  51.84 

52.27 

+  38. 82 

39.00 

39.10 

+ 

52.92 

-f 

51.62 

52.03 

+ 

5«.93 

52.20 

-f 

51.38 

51.70 

-h 

52. 10 

52.49 

-f 

52.39 

52.78 

52.97 

+ 

53-71 

54.12 

+ 

52.22 

52.58 

-h 

52.28 

52.53 

52.67 

-h 

54.50 

54.89 

+ 

52.39 

52.70 

-h 

51.80 

52.08 

+ 

19.49 

19.57 

19.61 

Struve's 
precession. 


II 
527. 67 
477. 57 

516.66 

467. 12 

509.26 

459. 64 

507. 23 
457.  79 

489.77 
452.  79 
433  25 

448.24 

493.09 
443.77 

492.48 

442.97 

465. 5 « 
416.84 

462.48 
412. 72 

459.99 

410. 13 

383.76 

45'.  65 
400.52 

432.98 
383.21 

422. 07 
372. 27 
345.94 

419.41 
367. 40 

378. 65 
328.  74 

343.34 
293. 97 

305.98 
287.39 
277.57 


Proper 
motion. 


// 
—  10.41 
10. 41 

—115. 12 
115.58 

—115.28 

"5.77 


4-  2.66 
2.65 
2.63 

—  7.39 

^  3.46 
3.55 

—  10. 37 
10.42 

—  19.43 
19.14 

—  3.92 
4.00 

—  5. 46 
5. 36 
5. 29 

—  6.55 
6.46 

—  0.73 
0.72 

—  13.08 
13.09 
13.12 

—  14.85 
14.90 

—  3.65 
3-64 

—  4.98 
5.01 

—  o.oi 
0.05 
0.07 


Secvar. 

of  proper 

motion. 


// 


—  0.02 


—  0.03 


—  0.04 


»s 
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RIGHT  ASCENSIONS. 


No. 

Star. 

i 
Epoch. 

Number  of 
observations. 

Right  ascension. 
A.   fn,        s» 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

! 
Sec.  var.   | 
of  proper 
motion. 

s. 

s. 

s. 

s. 

X. 

776 

a  Ophiuchi     .     .     . 

"755 

10 

'7 

23 

34.319 

-f  277.828 

+  0.348 

+  277.092 

+  0.  736 

+0.014 

1850 

- 

'7 

27 

58.411 

278. 153 

0.336 

277.402 

0.751 

1900 

- 

17 

30 

17.529 

278.319 

0.328 

277. 565 

0.755 

777 

f  Serpentis    .     .     . 

1755 

4 

17 

23 

34. 390     +  342. 529 

+  0.  545 

+  342.930 

—  0.401 

■ 

1850 

33 

'7 

29 

0.031 

343-  023 

0.494 

343. 4'9 

0.396 

1 

778 

B.  A.  C.  5954  .     . 

'755 

I 

'7 

24 

2.649 

+  359. 373 

-f  0.624 

+  359.690 

—  0.317 

1850 

7 

'7 

29 

44-324 

359. 9^3 

0.555 

360. 239 

0.306 

1 
1 

779 

a  Octanlis      .     .     . 

1800 

16 

8 

4.  77    1+  8628. 31 

+5460.7 

+  8621.89 

+  6.42 

1 
1 

1825 

«          « 

16 

46 

46.30    ^      9904.9' 

4517.9 

9895.20 

9.71 

1 

1850 

'7 

30 

2. 49         10764. 86 

+2138. 1 

10751.  76 

13. 'o 

1 

1875 

18 

'5 

27.61         10899.75 

—  1 102.  I 

10883.89 

15.86 

1900 

•          • 

18 

59 

46. 38     +10253.  76 

-3884.  7 

+10236.40 

+'7.36 

1 

780 

58  Ophiuchi     . 

1755 

5 

'7 

28 

45. 687     -f  358. 660 

+  0.566 

+  359. 306 

—  0.646 

i 

1850 

57 

'7 

34 

26. 658          359. 164 

0.497 

359.800 

0.636 

781 

u  Draconis 

1755 

3 

17 

38 

24-54    1  —    36.81 

+  1.04 

—    37.56 

+  0.75 

1800 

•         • 

'7 

38 

8. 08              36. 34 

1.05 

37.02 

0.68 

1850 

• 

'7 

37 

50.04    '         35.82 

1.06 

36.41 

0.59 

• 

1900 

•         • 

17 

37 

32.32 

35.26 

I.  10 

35.80 

0.54 

1 

782 

3  Sagittarii 

1755 

4 

'7 

32 

9.343  ;  -f  376.519 

+  0. 597 

-H  376. 736 

—  0.217 

1850 

34 

'7 

38 

7.291  ;      377.042 

0.506 

377. 258 

0.216 

, 

783 

/I  Ilerculis 

1755 

5 

'7 

36 

52.825     4-  231.122 

+  0.386 

+  236. 590 

—  2.468 

+0.029 

1850 

367 

17 

40 

35.414          234.486 

0.380 

236.899 

2.413 

1 

1900 

'7 

42 

32.  704          234. 675 

0.375 

237. 059 

2.384 

784 

y»'  Draconis 

1755 

_ 

'7 

46 

21.05 

—  1 10. 41 

+  1.78 

—  "0.43 

+  0.02 

1800 

- 

17 

45 

31.55            109.59 

1.84 

109.70 

0.  II 

1850 

- 

'7 

44 

36.99 

108.65 

1.90 

108.86 

0.21 

1900 

•  » 

'7 

43 

42.90 

107.70 

1.94 

107.99 

0.29 

785 

63  Ophiuchi     . 

'755 

5 

17 

39 

49. 979  ;  -t-  368.  556 

+  0.448 

+  368.604 

—  0.  Q48 

• 

1850 

" 

'7 

45 

40.  297 

368.945 

0.370 

368.990 

0.045 

• 

786 

B.  A.  C.  6060  .     . 

1850 

'7 

47 

5.7         .... 

+  0. 319 

+  352. 544 

- 

787 

B.  A.  C.  6066  .     . 

'755 

I 

'7 

42 

9.692     -f  366.017 

+  0.41 1 

+  366.026 

—  0.009 

1 

1850 

9 

'7 

47 

57-581  1        366.370 

0.333 

366.380 

o.oio 

' 

788 

4  Sagittarii     .     .     . 

'755 

5 

17 

44 

50. 619 

+  365.  702 

+  0. 381 

+  365.  773 

—  0.071 

1850 

so 

17 

50 

38.196 

366. 027 

0.303 

366.092 

0.065 

789 

5  5>agittarii     .     .     . 

'755 

I 

17 

45 

10.686     -I-  367.404 

+  0. 374 

+  367.091 

+  0.313 

1850 

12 

'7 

50 

59.876          367.721 

0.294 

367. 407 

o.3'4 

790 

6  5>agittarii           .     . 

'755 

5 

'7 

47 

9.5'7     4  348.113 

+  0.308 

+  348. 14' 

—  0.028 

1850 

7 

'7 

52 

40. 354 

348.377 

0.249 

348. 407 

0.030 

791 

y  Draconis 

'755 

9 

'7 

50 

55. 566     -f  138.  707 

+  0. 341 

+  '38.795 

—  0.088 

+0.006 

1850 

550 

'7 

53 

7.479  j        '39.023 

0.324 

139. 107 

0.084 

1 

1900 

•          * 

1 

'7 

54 

17.031           139.183 

0.314 

139. 268 

0.085 
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DECLINATIONS. 


No. 


776 


777 


778 


779 


780 


781 


782 


783 


784 


785 

786 
787 

788 

789 
790 

791 


Star. 


a  Ophiuchi 


f  Serpentis 


B.  A.  C.  5954 


a  Octantis 


58  Ophiuchi 


o  Draconis 


3  Sagittarii 


II  Herculis 


^»  Draconis 


63  Ophiuchi     . 


B.  A.  C.  6060  . 
B.  A.  C.  6066  . 


4  Sagittarii 


5  Sagittarii 


6  Sagittarii 


/  Draconis 


2.0 
2.0 

5.0 
3.7 

6.0 
6.8 


5.8 


5.0 
5.4 
S.o 

5.0 

S-o 
4-6 

4.0 
3-3 

5.5 
4.3 

6.5 
6.6 

6.7 
7.5 

5.0 
5.4 

7.0 
7.0 

7.0 
6.9 

2.0 
2.3 


.£3 


755 
850 

900 

755 
850 

755 
850 

800 
825 
850 

875 
900 

755 
850 

755 
800 

850 

900 

755 
850 

755 
850 

900 

755 
800 

850 

900 

755 
850 

850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

900 


Declination. 


o 

+  12 
12 

12 

—  15 
15 

—  21 
21 

-89 

89 
89 
89 
89 

—  21 
21 

4-  68 
68 
68 
68 

—  27 
27 

+  27 
27 
27 

+  72 
72 
72 
72 

—  24 
24 

—  18 

—  23 
•23 

—  23 
23 


// 


45  30- 1 1 
40  23. 95 

37  57.46 

13  10.63 
17  56.03 

44  27. 55 

49  6. 20 

II  10.36 

14  28.99 
16  22. 18 

16  38.  77 

15  "7- 01 

32  15.46 
36  16.90 

52    7. 20 

50  56. 26 
49  36. 23 
48  14.94 

42  35. 12 

46  4. 28 

52  50. 89 
48  42.48 

46  43. 97 

15  4«.8i 

14  34. 15 
13  15.20 

II  52.32 

48  42.26 

51  5.37 

46  10.  7 

52  36.91 
54  43- 1 1 

45  59.  70 

47  47. 88 


—  24  14  17.20 
24  15  59.57 

—  17    7  20. 8j 
17    8  43.80 

+  51  31  39.  79 
51  30  30.60 

51  30    1.56 


Centennial 
variation. 


// 


—  341.43 

303. 10 
282.88 

—  323. 93 
276.88 

—  317.99 
268.59 

—  944.  75 

—  633. 36 

—  264.32 

-f  132.82 
-f  515.31 

—  278.82 
229. 45 

—  156.45 
158.  79 

161.32 

163.82 

—  246. 14 
194.17 

—  277.51 
245.46 

228. 56 

—  146.80 

153.95 
161.85 

169.66 

—  176. 14 
125. 13 

—  158. 18 
107. 49 

—  139. 19 

88.53 

—  133.23 

82.28 

—  III. 42 

63.18 

—  82. 49 

63.17 
52.99 


Secular 
variation. 


// 


+  40. 30 
40.41 
40.47 

+  49.42 
49.64 

-f  51.87 
52.12 

+  1112.8 

1373. 4 
1559.0 
1588.7 

1447.5 

4-  51.86 
52.07 

--    5.  16 
5.  10 

5.03 
4.96 

+  54.60 
54.80 

+  ly  70 
33.78 
33.82 

—  16.02 
15.89 

15.73 
15.58 

-f  53.63 

53-76 
-f  51.22 

+  53.30 
53- 42 

+  53. 28 
53.38 

-f  53. 59 
53.68 

+  50.  75 
50.82 

+  20. 32 
20.36 
20.38 


Struve's 
precession. 


// 


—  317.59 
279. 36 
259. 20 

—  317.57 
270.45 

—  3 '3- 49 
264.07 

—  941. 19 

—  630.06 

—  261.43 
+  135. 18 
+  517.07 

—  272.64 
223. 19 

—  188.72 
191. 10 

193. 67 
196.21 

—  243.17 
191.20 

—  202.05 
169.66 
152.58 

—  119.45 
126. 62 

134.53 
142.36 

—  176.33 
125.30 

—  112.88 

—  156.00 
105.31 

—  132.59 

81.93 

—  129.75 

78.74 

—  112.37 

64. 12 

—  79.43 
60. 14 

49.98 


Proper 
motion. 


II 
—23.84 

23.74 
23.68 

-6.36 
6.43 

—  4.50 
4.52 

—  3.56 

3.30 
2.89 

2.36 

1.76 

—  6.18 
6.26 

+32. 27 
32.31 
32.35 
32.39 

—  2.97 
2.97 

—75. 46 
75.80 

75.98 
-27. 35 

27.33 
27.32 
27.30 

+  0.19 
o.  17 

«  •         • 

—  2.18 
2.18 

—  6.60 
6.60 

-3.48 
3.54 

+  0.95 
0.94 

—  3.06 

3.03 
3.01 


Sec.  var. 

of  proper 

motion. 


II 
-f  O.  II 


—  0.36 


+  0.03 
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STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


No. 


792 

793 
794 
795 

796 

797 
798 


799 
800 

801 


802 

803 
804 

805 

806 
807 
808 

809 

810 


811 


812 


Star. 


7  Sagittarii     . 

B.  A.  C.  6098 
Piazzi  17**  330 
9  Sagittarii 

Piazzi  17**  334 
7*  Sagittarii 
y*  Sagittarii     . 


B.  A.  C.  6127 
B.  A.  C.  6161 

fi  Sagittarii 


14  Sagittarii 

15  Sagittarii 

16  Sagittarii 

17  Sagittarii 

B:  A.  C.  6194  . 
B.  A.  C.  6201   . 
6  Sagittarii     . 

B.  A.  C.  6210  . 

fj  Serpentis    .     . 


21  Sagittarii 


A  Sagittarii 


M 


755 
850 

850 

850 

755 
850 

850 

850 

755 
850 

900 

850 

755 
850 

755 
900 

850 

755 
850 

755 
850 

755 
850 

755 
850 

850 

850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 


0  a 

1  - 


3 

8 


2 

24 
6 

20 

4 
95 

>4 

I 
II 

5 
752 

4 

2 

5 
14 

5 
4 

I 

5 
18 


5 
38 

3 
14 

5 
261 


5 
23 

5 
116 


Right  ascension. 


h,     m. 


s. 


7    47    50.929 
7    53    39.720 

7    53    40.520 


7  54 

7  48 

7  54 

7  54 

7  55 


7 
7 
7 

7 

7 
8 


50 
56 
59 

56 

2 


7  59 

8  4 
8      7 


7 
8 

8 
8 

8 
8 

8 

8 

8 

8 

8 
8 


59 
5 

o 
6 

o 
6 

2 
7 
8 


5 
II 


8  6 

8  II 

8  8 

8  13 

8  16 


3'.' 

51.705 
40.  700 

50. 465 

26.314 

4.776 
10. 445 
23.003 

35. 045 

46.605 

34.194 

7.010 
47.641 

46.963 

33.093 
15. 149 

36.168 
16. 036 

38.568 
17.525 
0.087 
39. 273 
40. 018 

47. 

18.  567 
23.499 

2.546 
30. 620 

38. 435 

32.997 
8. 100 


8  10  45. 640 

8  16  25.048 

8  12  51.007 

8  18  42.807 


Centennial 
variation. 


s. 
+  367.003 
367. 282 

+  357.469 


+  367.223 
367. 491 

4-  363.238 

+  383. 383 

+  384. 758 
385. 055 
385.  "72 

-f  379.913 

+  365. 79" 
365.964 

-f  358. 486 
358.621 
358.666 

-f  359.986 
360. 122 

■f  357.691 
357.812 

+  356.  729 
356. 858 

+  356.979 
357.087 

+  374.668 

-f  384. 122 
384. 141 

+  345. 297. 
345. 377 

-f  309.967 
310. 160 

-f.  310.250 

+  357.264 
357. 272 

+  370.324 
370. 295 


Secular 
variation. 


s, 
+  0.334 
0.254 

-f  0.250 

+  0.238 

+  0.322 
0.242 

-f  o.  233 

-f  o.  232 

+  o.  365 
0.260 
0.206 

+  o.  183 


-f  o 
o 

+  0 

o 
o 

+  0 

o 

-f  o 
o 

+  o 
o 

•f  o 
o, 

■f  o 

+  0, 

-ho 

—  o 

-f  o 
o 

+  o 
o, 

+  0 

+  o 

—  o 

-f  o 

—  o, 


220 

144 
177 

107 
071 

178 

108 
163 

092 

165 

107 

150 
079 
023 

060 

072 

031 

112 

056 

218 
188 
172 

040 
024 

013 

071 


Struvc*s 
precession. 

Proper 
motion. 

Sec  var. 

of  proper 

motion. 

J. 
•f  367.179 
367. 458 

s, 
—  0.176 

0.176 

s. 

+  357.  767 

—  0.298 

-f  364. 291 

. 

+  367.430 
367.696 

—  0.207 
0.205 

+  363.469 

—  a  231 

4-  383.062 

+  0. 321 

-h  385. 395 
385.676 

385.  787 

—  0. 637 
0.621 
0.615 

+0.019 

+  379. 67s 

+  0.238 

+  365.  772 
365. 938 

-|-  0.019 
0.026 

4  358.606 
358. 741 
358. 786 

. 

-f  360. 368 
360.502 

—  a  382 
0.380 

+  357. 742 
357. 865 

—  0.051 
0.053 

+  356. 835 
356. 958 

—  0. 106 
0. 100 

-t-  357.269 

—  0.290 

357. 377 

0.290 

+  375. 526 

—  0. 858 

352. 307 

.     .     . 

+  383.906 
383. 927 

+  0.316 
0.214 

+  345. 108 
345.188 

+  0.189 
0.189 

+  3>3.866 

314.016 

+  3>4.o85 

-3.899 
3.856 

-3.835 

+  357. 346 

—  0.082 

357.35" 

0.079 

-t-  370.  783 
370. 74" 

-  0.459 
0.446 
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DECLINATIONS. 


No. 

Star. 

• 

I 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

• 

0    '        // 

II 

// 

II 

// 

// 

792 

7  Sagittarii     .     .     . 

7.0 

1755 

—  24  IS  13.38 

— 

107. 52 

-f  53.48 

— 

106.32 

—  1.20 

5.9 

1850 

24  16  31.38 

56.66 

5360 

55.36 

1.30 

793 

B.  A.  C.  6098  .     . 

6.0 

1850 

—  20  43  50. 42 

— 

58.40 

-f  52." 

— 

55.34 

—  3-o6 

794 

Piazzi  I7*»  330  .     . 

5.3 

1850 

-23    8    8.3 

• 

- 

-f  53.  >5 

— 

47.98 

. 

795 

9  Sagittarii     .     .     . 

6.5 

1755 

—  24  20  17.88 

— 

100.  II 

+  53. 52 

— 

97.46 

—  2.65 

6.0 

1850 

—  24  21  28.82 

49.23 

53.58 

46.58 

2.65 

796 

Piazzi  I7»»  334.     . 

5.3 

1850 

—  22  50    6.45 

— 

45.18 

-t-  52.96 

— 

45.14 

—  0.04 

797 

y*  Sagittarii     .     .     . 

5-6.5 

1850 

—  29  34  50.56 

39.12 

+  55.98 

— 

39.88 

+  0.76 

798 

y'  Sagittarii     .     .     . 

5.0 

"755 

—  30  23  53. 59 

— 

108.62 

+  56. 12 

— 

86.87 

-21.75 

—  0.07 

2.8 

1850 

30  25  11.46 

55. 3> 

56.12 

33.48 

21.83 

1900 

30  25  32. 10 

27.25 

56. 12 

5.38 

21.87 

799 

B.  A.  C.  6127  .     . 

5.' 

1850 

—  28  28    4. 80 

— 

13.  II 

+  55.46 

— 

12.40 

—  0.71 

800 

B.  A.  C.  6161  .     . 

6.0 

1755 

—  23  43  25. 17 

— 

35.22 

-f  53.37 

— 

28.22 

—  7.00 

5.7 

1850 

23  43  34. 54 

+ 

"5. 49 

53.38 

-f 

22.48 

6.99 

801 

fi  Sagittarii 

3.5 

1755 

—  21     5  48.62 

— 

8.81 

+  52.24 

— 

7.70 

—  I.  II 

—  ao6 

4.3 

1850 

*«    5  33.43 

+ 

40.79 

52.18 

+ 

41.9s 

1. 16 

1900 

21    5    6.51 

66.87 

52.14 

68.07 

1.20 

802 

14  Sagittarii     .     .     . 

6.0 

1755 

—  21  45    7.82 

— 

7.28 

-h  52. 46 

— 

3.93 

—  3.35 

6.0 

1850 

21  44  5'.  07 

+ 

42.55 

52.44 

+ 

45.99 

3.44 

803 

15 'Sagittarii     .     .     . 

6.0 

1755 

—  20  46  31.05 

-f 

4.95 

+  52. 17 

+ 

5.29 

—  0.34 

5.8 

1850 

20  46    2.82 

54.50 

52.15 

54.86 

0.36 

804 

16  Sagittarii     .     .     . 

6.0 

"755 

—  20  26    3. 95 

+ 

3.12 

-f  52.02 

+ 

5.63 

-2.51 

6.6 

1850 

20  25  37. 52 

52.53 

52.00 

55.07 

2.54 

80s 

17  Sagittarii     .     .     . 

7.0 

1755 

—  20  35  54.  73 

+ 

14.52 

4-  52.02 

+ 

17. 5' 

—  2.99 

7.0 

1850 

20  35  17.46 

63.94 

52.02 

66.98 

3.04 

806 

B.  A.  C.  6194  .     . 

5.1 

1850 

—  27    5  28. 14 

+ 

78.79 

+  54.46 

+ 

75.83 

+  2.96 

807 

B.  A.  C.  6201  .     . 

- 

1850 

—  18  40 

•          • 

• 

+  5'.  31 

+ 

85.59 

•         •         • 

808 

rf  Sagittarii     . 

35 

"755 

—  29  54  16. 39 

+ 

43-74 

+  56. 03 

+ 

46.48 

—  2.74 

2.8 

1850 

29  53    9. 57 

96.93 

55.96 

99.63 

2.70 

809 

B.  A.  C.  6210  .     . 

6.0 

"755 

+  50. 36 

50.30 

• 

+ 

52.90 
100.71 

6.0 

1850 

—  15  53  17.7 

• 

- 

•         •         • 

810 

fl  Serpentis    .     .     . 

4.0 

«755 

—    2  56  28.41 

+ 

9.02 

+  44.56 

+ 

75.64 

-66.62 

—  0.58 

3.5 

1850 

2  55  59.  74 

5«.33 

44.50 

118. 51 

67.18 

1900 

2  55  28. 52 

73.57 

44.46 

14'.  03 

67.46 

811 

21  Sagittarii     .     .     . 

6.0 

«755 

—  20  38  5a  30 

-h 

91.73 

+  52.09 

+ 

94.19 

—  2.46 

'5.1 

1850 

20  36  59.63 

141.20 

52.06 

143.54 

2.34 

812 

X  Sagittarii     .     .     . 

4.0 

1755 

—  25  31  45.85 

+ 

89.98 

-f  53.99 

+ 

112.42 

—22.44 

2.7 

1850 

25  29  56. 03 

141. 21 

53.88 

163.60 

22.39 
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STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


Star. 


813 


814 

8,5 
816 


819 


820 


821 


822 


828 


d  Ursse  Minoris 


B.  A.  C.  6287  . 

B.  A.  C.  6294  . 
B.  A.  C.  6304  . 


817     24  Sagittarii 


818     25  Sagittarii 


I  Aquila:  (3  H.  Scuti.) 


B.  A.  C.  6336 


B.  A.  C.  6343 


B.  A.  C.  6347 


823       a  Lyrx 


824  26  Sagittarii 

825  B.  A.  C.  6369 

826  ^  Sagittarii 


827     28  Sagittarii 


B.  A.  C.  6386 


829     29  Sagittarii 


830  .  30  Sagittarii 


O     B 

O 


JS   ^  .  Right  ascension.  , 


^    o 


Centennial 
variation. 


755 
850 

850 

755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

850 

755 
850 

755 
850 

755  ' 
850 

755 
850  , 

755 
850 


4 
6 

I 
8 

5 
II 


5 
170 

2 
7 

3 
23 

2 

5 


5 
8 


5 
74  ^ 

5 
6 

I 

3 

5| 
241 

5 
3 


A.  m. 

8  50 

8  44 

8  36 

8  28 

8  20 

8  12 

8  4 


s. 

35.73 
26.68 

38.41 

43-53 
43.36 
39.32 
32.87 


8  21 

8  22 

8  18 

8  24 

8  18 

8  24 

8  19 

8  25 

8  21 

8  27 

8  29 

8  23 

8  28 

8  23 

8  29 

8  24 

8  29 

8  28 

8  31 

8  33 

8  26 

8  32 

8  35 

8  30 

8  36 

8  31 

8  37 

8  33 

8  38 

8  35 

8  40 

8  36 

8  41 


22.6 

39.006 

15.600 

4.  «59 

55.296 

43.657 

32.717 
22. 161 

52.574 
2.691 

45. 9' 7 

M-  293 
55. 595 

36.389 
23. 279 

16. 636 
56.699 

38.  734 
51.621 

33.179 

54.679 
42.618 

36.211 

20.586 
17.000 

33'  733 
17.770 

19. 838 
58. 332 

7.382 
45. 978 

6.677 
49. 471 


J. 
1831.68 

1858. 19 

1887. 13 

1911.02 

1929. 39 

1942.03 

-1948.  72 


Secular 
variation. 


+  351.707 

+  366. 958 
366. 839 

:  4-  366.  752  I 
366.626  I 

I 

I  -f  367.900 

I        367. 759 

-f  326.421 
326.451 

326.452 

+  359.33" 
359. 186 

-f  365. 230 
365. 053 

-f  358.024 
357.888 

i  -f  202.987 
I  203. 090 
203. 142 

-f  366.357 
366. 133 

+  369. 109 

-*-  375.329 
375. 003 

4-  362.270 
362.009 

-f  356.439 
356.190 

+  356.548 
356. 276 

+  360.985 
360. 677 


Stnive*s 
precession. 


s. 

— >39.45 
125.30 

105.91 

84.80 

62.28 

38.72 

—  14.49 

-f  0.005 

—  0.060 

—  o.  075 

—  0.085 
0.165 

—  0.093 
0.173 

—  o.  108 

0.188 

+  0.051 
4-  0.012 

—  0.008 

—  o.  108  ; 
o.  198 

—  o.  149 
0.224 

—  o.  109 
0.178 

-|-  O.  1 1 1 

o.  105 

O.  10! 

—  o.  198 

0.275 

—  o.  336 

—  0.300 
0.387 

—  o.  240 

0.310 

—  o.  233 
0.291 

—  o.  255 

0.318 

—  0.290 

0.359 


s, 
—1835. 35 

1861.73 

1890.49 

1914. 18 

1932. 35 

"944.77 
— 1951.22 

+  352.578 
352. 545 

-f  351.698 

4-  367.090 
366.976 

4-  366. 874 
366. 746 

+  367.407 
367. 266 

4-  326.640 
326. 650 
326. 641 

+  359.613 
359. 472 

+  365.370 
365. 190 

+  358. 634 
358. 520 

4-  201. 162 
201.292 
201.356 

4-  366.241 
366.015 

4-  369.221 

+  375. 184 
374. 859 

4-  362.212 
361.946 

+  356.5" 
356. 269 

4-  356.627 
356. 354 

4-  361.492 
361. 181 


Proper 
motion. 


s, 
■f  3.67 
3.54 
3.36 
3.16 
2.96 
2.74 
4-  2.50 


4-  0.009 

—  o.  132 
0.137 

—  o.  122 
o.  120 

4-  0.493 
0.493 

—  0.219 
o.  199 
o.  189 

—  0.282 
0.286 

—  o.  140 

0.137 

—  0.610 

0.632 

4-  ".825 
1.798 
1.786 

4-  o.  116 
o.  118 

—  o.  112 

4-  o.  145 
o.  144 

4-  0.058 
0.063 

—  0.072 
0.079 

—  0.079 
0.078 

—  o.  507 

0.504 


oec  var. 

of  proper 

motion. 


I 


s. 


4-0.020 


.02S 
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DECLINATIONS. 


No. 

Star. 

• 

I 

Declination. 

Centennial 
variation. 

.Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Sec  var. 

of  proper 

motion. 

0      t          n 

// 

// 

// 

li 

// 

813 

d  Ursse  Minoris  . 

3.0 

«755 

+  86  30  49. 15 

+  443.90 

—260. 39 

+  439.38 

+  4.52 

1775 

86  32  12.68 

39>.26 

265.64 

386.65 

4.61 

1800 

86  33  42. 12 

324.09 

271.49 

319.36 

4.73 

1S25 

86  34  54.61 

255.60 

276.25 

250. 75 

4.85 

4.3 

1850 

86  35  49. 84 

186.06 

279. 95 

iSi. 10 

4.96 

1875 

86  36  27. 58 

115.74 

282. 52 

110.68 

5.06 

1900 

+  86  36  47. 67 

+    44-95 

-283. 87 

-f    39.79 

4-  5.*6 

814. 

B.  A.  C.  6287  .     . 

•             • 

1755 

—  18  51  32.56 

4-  128.70 

+  51." 

+  138.25 

-9.5s 

6.0 

rtso 

18  49    7. 22 

177.19 

50.97 

186.80 

9.6! 

Sis 

B.  A.  C.  6294  .     . 

S-5 

1850 

—  18  36    0.39 

-f  191.78 

+  50. 97 

+  '97.87 

—  6.09 

816 

B.  A.  C.  6304  .     . 

70 

nss 

—  24  15  41.82 

4-  157.61 

+  53. 27 

-f  159.70 

—  2.09 

1850 

24  12  48.08 

208. 14 

53." 

210.22 

2.08 

817 

24  Sagittarii 

6.5 

1 755 

—  24  II  18.37 

-f  164.60 

+  53. 23 

4-  165.47 

-0.87 

5-9 

1850 

24    8  18.01 

215.09 

53.06 

215.99 

0.90 

818 

25  Sagittarii     .     .     . 

7.5 

1755 

—  24  22  58.92 

-f  171.76    -f  53.47 

4-  170.86 

4-0.90 

6-3 

1850 

24  19  51.65 

222. 48         53. 30 

221.59 

0.89 

819 

I  Aquilae(3H.Scuti.) 

S-S 

1755 

—    8  23  30. 35 

+  157.96 

+  47. 55 

4-  191.08 

—33.  '2 

4-  0.08 

3-6 

1850 

8  20  38. 85 

203. 05 

47.37 

236.09 

33.04 

1900 

8  18  51.41 

226. 71 

47.29 

259.  7« 

33.00 

820 

B.  A.  C.  6336  .     . 

6.5 

1755 

—  21  34  24.  70 

-f  192.39 

-f  52.02 

4-  203. 10 

—10.  71 

6.2 

1850 

21  30  58.49 

241. 71 

51.83 

252. 46 

10.75 

821 

B.  A.  C.  6343  .     . 

6.0 

1755 

—  23  41  15.22 

-f  203.03 

+  52.89 

4-  206.30 

—  3.27 

6.3 

1850 

23  ^7  38.51 

253. >9 

52.70 

256. 46 

3.27 

822 

B.  A.  C.  6347  .     . 

6.5 

1755 

—  21  13  44.34 

4-  196.68 

+  51.75 

4-  212. 16 

-15.48 

6.0 

1850 

21  10  14. 18 

245.  75 

5'.  56 

261.31 

15.56 

823 

a  Lyrae     .... 

I.O 

«755 

4-  38  34  12.44 

4-  277.05 

4.  29.56 

4-  250. 12 

+26.  93 

4-  0.26 

I.O 

1850 

38  38  48. 96 

305.  >o 

29.48 

277.92 

27.18 

1900 

38  41  25. 19 

3*9.83 

29.44 

292. 53 

27.30 

824 

• 

26  Sagittarii     .     .     . 

6.0 

"755 

—  24    2    7. 78 

+  232.00 

+  52.99 

-f  235.06 

—  3.06 

6.6 

1850 

23  58    3. 5> 

282. 23 

52.76 

285. 28 

3.05 

• 

825 

B.  A.  C.  6369  .     . 

6.2 

1850 

—  25    9  19. 58 

+  307.3" 

-t-  53.05 

-f  3>o.34 

—  3.03 

826 

f  Sagittarii 

4.5 

1755 

—  27  12  54.85 

-f  262.02 

4-  54.46 

4-  264.82 

—  2.80 

3^7 

1850 

27    8  21.43 

3*3.57 

54.07 

316. 20 

2.63 

827 

28  Sagittarii     .     .     .* 

6.0 

"755 

—  22  37  21.32 

-f  273.30 

4-  52.24 

4-  275.49 

—  2.  19 

5.6 

1850 

22  32:38. 15 

322.80 

51.98 

324.96 

2.  16 

828 

B.  A.  C.  6386  .     . 

7.5 

1755 

—  20  30  50.02 

-f  287.37 

+  5>.3i 

4-  290.  76 

3.39 

7.3 

1850 

20  25  53. 90 

335.99 

51.06 

339-44 

3.45 

829 

29  Sagittarii     .     .     . 

30  Sagittarii     .     .     . 

6.0 

1755 

—  20  34  38. 80 

+  307.63 

+t5'.S7 

4-  306.24 

-t-    1.39 

5.5 

1850 

20  29  23.40 

356. 32 

51.14 

354.88 

1.44 

830 

6.0 

1755 

—  22  25    2.00 

+  3". 02 

4-  51.80 

+  314.84 

-3.82 

6.6 

1850 

22  19  43. 20 

360. 10 

51.52 

363.88 

3.78 

. 
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RIGHT  ASCENSIONS. 


No. 


Star. 


83' 


832 


833 


834 


835 


836 

837 
838 

839 
840 

S41 


842 

843 
844 

845 
846 

847 


848 


849 


850 


31  Sagittarii 


/3  Lyrae 


33  Sagittarii 


V*  Sagittarii 


a  Sagittarii 


v'  Sagittarii 

B.  A.  C.  6447 
B.  A.  C.  6448 

^  Sagittarii 

• 

f*  Sagittarii 
50  Draconis 


C  Sagittarii 


Lai.  35497  . 
0  Sagittarii 

A.  Oe.«  19053 
r  Sagittarii 


C  Aquilse  . 


B.  A.  C.  6536 


n  Sagittarii 


^  Sagittarii 


I 


175s 

!  1850 

i 

I  «755 

:  "850 
;  1900 

I  1755 
;  1850 

!  1755 
1850 

"755 
1850 

1900 

1755 
1850 

1850 

I  1850 

1 755 
1850 

'755 
1850 

'755 
1800 

1850 

1900 

'755 
1850 

1850 

'755 
1850 

1850 

'755 
1850 

'755 
1850 

1900 

'755 
1850 

'755 
1850 

'755 
1850 


6  ^ 


5 
9 

5 
1058 

5 
8 

5 

27 

5 
126 


5 
'9 


12 

5 
12 

5 
40 


Right  ascension. 


..5 
18 


5 
58 


5 
30 

5 
1049 

I 

9 

5 
'43 

5 
78 


A,  fn, 

8  37 

8  43 

8  41 

8  44 

8  46 

8  39 

8  45 

8  39 

8  45 

8  40 

8  45 

8  49 

8  40 

8  46 

8  46 

8  46 

8  42 

8  48 

8  43 

8  48 

• 

8  54 

8  52 

8  5' 

8  49 

8  47 

8  53 

8  54 

8  49 

8  55 

8  57 

8  5' 

8  57 

8  54 

8  58 

9  o 

8  53 

8  59 

8  55 

9  o 


9 
9 


o 
6 


J. 
25. 140 

7.739 

2.353 
32.580 
23.280 

21.022 
2.128 

22.206 
6.698 

3.795 

57.  762 

3.883 

17.912 
2.960 

55. 

55. 635 

46.480 

25.579 

6. 191 
46.  771 

7.57 

44.55 
10.95 

35.95 

0.430 

3.876 

14.6 

59. 435 
41.567 

5.8 

37.  7' 7 
34.377 

9.125 

30.993 
48.834 

52. 323 
27.  777 

10. 873 
50. 492 

30. 025 
20.399 


Centennial 
variation. 


s, 
+  360.  785 
360. 465 

4-  221.219 
221.363 
221.437 

+  359.225 
358.880 

+  362.  797 
362. 437 

4-  372.811 

372. 37' 
372. 108 

+  363.389 
363.017 

-t-  363. 686 

-f  357.  '24 
356.760 

+  358.687 
358. 3' 7 

—  183. 19 
185.  79 
188.63 
191.38 

-f  382.888 
382. 246 

-f  360.367 
359. 902 

+  375.  73' 
375.  '2o 

+  275.627 
275. 672 
275. 692 

-f  353.33' 
352. 879 

+  357.  745 
357. 233 

-f  369.  '56 
368.464 


Secular 
variation. 


s, 
'  -  o.  303 

0.37' 

+  0.154 
0.149 

0.147 

—  0.331 
0.396 

—  0.344 
0.414 

—  0.422 
0.504 
0.545 

—  o.  358 
0.427 

—  0.312 

—  0.450 

—  0.35' 
0.416 

—  o.  363 
0.416 

—  5.81 

5.72 
5.62 

5.48 

—  0.630 
o.  722 

—  0.447 

—  0.457 

0.521 

—  o.  397 

—  0.601 
0.685 

+  0.053 
0.042 
0.037 

—  0.448 
0.504 

—  0.510 
0.568 

—  0.693 
0.764 


Struve's 
precession. 


s, 
-f  360.814 

360.491 

•f  221.214 
221.355 
221.429 

+  359. 273 
358. 935 

-f  362.996 
362. 632 

+  372. 884 
372. 437 
372. 178 

+  362.  770 
362. 393 

-f  346.081 

+  363.  7'6 

-f  357.324 
356.957 

+  358. 507 
358. 128 

—  182.86 

'85. 43 
188.23 

190.97 

-h  383. 226 
382. 583 

+  353.097 

+  359. 958 
359. 496 

+  344.043 

376.334 
375.  704 

4-  275.  733 
275.  772 
275.  792 

-f  353.444 
352. 99' 

+  357. 876 
357. 37' 

+  369.017 
368. 327 


Proper 
motion. 


dec  var. 

of  proper 

ttiotion. 


J. 

—  0.029 

0.026 

+  0.005 
0.008 
0.008 

—  0.048 
0.055 

—  o.  199 
0.195 

—  o.  073 
0.066 
0.070 

-f  0.619 
0.624 


—  0.030 

—  0.200 

0.197 

4-  o.  180 
o.  189 

—  0.33 
0.36 

—  0.40 
0.41 

—  o.  338 

0.337 


4-  0.409 
0.406 


—  0.603 
0.584 

—  o.  106 

O.  100 
O.  100 

—  o.  113 

O.  112 

—  o.  131 

0.138 

-f  o.  '39 

0.137 


STANDARD  CLOCK  ANt)  ZODIACAL  STARS. 


267 


DECLINATIONS. 


No. 

Star. 

1 

r 

1 

• 

U4 

Declination. 

Centennial 
variation. 

Secular 
variation. 

// 

Struve's 
precession. 

• 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

// 

0     /       II 

II 

II 

II 

831 

31  Sagittarii     .     .     . 

1     6.0 

1755 

—  22  II     0.75 

+  321.  78 

+  51.79 

4-  326. 14 

—  4.36 

7.0 

1850 

22    5  31.  74 

370. 84 

51.49 

375.21 

4.37 

832 

fi  Lyrae     .... 

30 

1755 

+  33    5  37.  70 

+  355. 64 

4"  31.63 

4"  357. 36 

—  1.72 

4-  o.oi 

4.0 

1850 

33  II  29.81 

385.64 

31.53 

387. 35 

I.  71 

1 

1900 

33  14  46.57 

401.39 

31.47 

403. 10 

I.  71 

833 

33  Sagittarii     .     .      . 

6.0 

1755 

—  21  38    5.54 

+  342.03 

4"  51.67 

4-  342.77 

—  0.74 

6.0 

1850 

21  32  17.32 

390.96 

51.35 

391.58 

0.62 

834 

V*  Sagittarii 

5.0 

1755 

—  23    I  12.40 

+  339.93 

4"  51.97 

4"  342.98 

—  3.05 

5.0 

1850 

22  55  26.07 

389.15 

51.66 

392. 23 

3.08 

^ 

835 

a  Sagittarii     . 

3.0 

1755 

—  26  34  26. 85 

+  341.21 

4"  53.46 

4-  348. 93 

—  7.72 

0.00 

2.4 

1850 

26  28  38. 64 

391.81 

53.07 

399.53 

7.72 

1900 

26  25  16.  II 

418. 29 

52.85 

426.01 

7.72 

836 

v^  Sagittarii 

5.0 

1755 

—  22  57    6.20 

+  348.44 

4-  52. 13 

4"  350.99 

-  2.55 

5.1 

1850 

22  51  II.  72 

397. 81 

51.81 

400.28 

2.47 

837 

B.  A.  C.  6447  .     . 

5.8 

1850 

16  33 

.     .     .     . 

4"  49. 26 

4"  407. 72 

. 

838 

B.  A.  C.  6448  .     . 

6.4 

1850 

—  23  21  33.04 

4-  406.03 

4-  51.77 

4"  407.83 

—  1.80 

839 

^'  Sagittarii 

6.0 

1755 

—  20  57    3. 61 

4"  369.34 

4-  51.09 

4"  372. 29 

—  2.95 

5.7 

1850 

20  50  49.  73 

417.70 

50.75 

420.65 

2.95 

840 

f2  Sagittarii     .      .      . 

5.0 

1755 

—  21  24  11.60 

4"  372.87 

4-  51.30 

4-  375. 14 

— -  2.27 

3.5 

1850 

21  17  54.27 

421.44 

50.97 

423.64 

2.20 

841 

50  Draconis     .     .     . 

5.5 

1755 

+  75    7  54.42 

+  477.00 

—  26.23 

4"  469.48 

4-  7.52 

1800 

75  II  26.40 

465.09 

26.64 

457.60 

7.49 

6.0 

1850 

75  15  15.60 

451.66 

27.08 

444.20 

7.46 

, 

1900 

75  18  58. 03 

438. 02 

27.52 

430. 59 

7.43 

842 

C  Sagittarii     .     .     . 

3.5 

1755 

—  30  12  11.79 

-f  408. 16 

4"  54.46 

+  408.66 

—  0.50 

3.1 

1850 

30    5  19.59 

459.51 

53.65 

460. 14 

0.63 

843 

Lai.  35497  .     •     - 

6.4 

1850 

—  19  27  26.8 

•         •         •         • 

4"  49. 87 

4-  470. 27 

. 

844 

0  Sagittarii     .     .     . 

4.5 

'755 

—  22    4  29.  76 

-f  426.86 

4-  51.25 

4-  434. 22 

—  7.36 

» 

3.8 

1850 

21  57  21. 18 

475.34 

50.84 

482.60 

7.26 

845 

A.  Oe.«  19053  .     . 

5-9 

1850 

—  IS  52  52. 1 

.    .    .    . 

4-  48. 43 

4"  494.52 

. 

846 

r  Sagittarii     . 

4.0 

1755 

—  28    0    7.32 

+  421.63 

4-  53.29 

4-  448.17 

26.54 

3.6 

1850 

27  53    2.  76 

472. 07 

52.88 

498.55 

26.48 

847 

C  Aquilae    .... 

6.0 

1755 

4-  13  3>    5.80 

+  459.43 

4-  38.84 

4-  469. 71 

— 10. 28 

—  0.04 

3.0 

1850 

13  38  39  75 

496.22 

38.62 

506.54 

10.32 

1900 

13  42  52.68 

515.50 

38.50 

525.84 

10.34 

848 

B.  A.  C.  6536  .      . 

6.5 
5.8 

>755 
1850 

4"  49.91 
49.52 

4-  467.30 
514.56 

—  19  31  12.6 

. 

. 

849 

n  Sagittarii     .      .      . 

4.5 

'755 

—  21  23  17.83 

+  473. 98 

4-  50.  so 

4-  478.43 

—  4.45 

3.1 

1850 

21  15  24.83 

521. 78 

50.14 

526. 19 

4.41 

850 

V>  Sagittarii     .     .     . 

6.0 

1755 

—  25  39  12.33 

+  5>9.37 

4-51.88 

4"  523. 52 

—  4.15 

5.4 

1850 

25  3035.57 

568.43 

51.40 

572.50 

4.07 

16 
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RIGHT  ASCENSIONS. 


No. 

Star. 

Epoch. 

!  Number  of 
observaiions. 

Right  ascension. 
h,   m,        s. 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

1 

1 

J. 

s. 

J. 

/. 

851 

li  Sagittarii 

>755 

5 

19      3 

17.230 

+7352. 0131^ 

—  0.547 

4-  352. 233 

—  0.220 

1850 

82 

19      8 

5'.  387 

"   351.46^ 

0.600 

351.691 

0.223 

852 

B.  A.  C.  6591  .     . 

1900 
1755 

I 

19     II 
'9      5 

47.045 
6.748 

.JUh-35>.>6i 
4"  344.495 

0.626 
—  0.481 

351.390 

4"  344.617 

0.229 
—  0. 122 

* 

1850 

2 

19    10 

33-794 

344.016 

0.527 

344.138 

0. 122 

853 

B.  A.  C.  6607  .      . 

1755 

- 

»9      5 

56.095 

+  360.901 

—  0. 655 

4-  360.998 

—  0.097 

• 

1850 

14 

19    11 

38. 645 

360.247 

0.  720 

360. 338 

0.091 

854 

6  Draconis 

»755 

5 

19     12 

25.70 

-h     6.02 

—  2.26 

4-     4.08 

4-  1.94 

1800 

- 

19     12 

28.17 

5.00 

2.28 

3- 07 

«-93 

1 

1850 

- 

19    12 

30-38 

3.86 

2.31 

1.94 

1.92 

1900 

- 

19    12 

32.02 

2.70 

2.32 

0.78 

1.92 

855 

/i'  Sagittarii 

1755 

4 

>9      7 

26.917 

4-  349.047 

—  0. 563 

4-  349. 295 

—  0.248 

1850 

52 

19    12 

58. 250 

348.488 

0.613 

348.744 

0.256 

856 

/i^  Sagittarii     . 

1755 

5 

19      7 

32. 491 

+  351.  ^ZZ 

—  0.566 

4"  350.422 

4"  0.711 

1850 

3 

19    13 

5.804 

350. 571 

0.617 

349.861 

0.710 

857 

V  Sagittarii     .      .      . 

'755 

5 

19      7 

40. 927 

+  344.594 

—  0. 504 

4-  344.639 

—  0.045 

1850 

20 

19    13 

8.056 

344.091 

0.555 

344.139 

0.048 

858 

B.  A.  C.  6628  .     . 

>755 

•         • 

19      9 

12.320 

4"  375. 802 

—  0.891 

4-  375.  799 

4-  0.003 

1850 

10 

19    15 

8.917 

374. 916 

0.976 

374.909 

0.007 

859 

X^  Sagittarii     .     -     . 

1755 

5 

19    10 

20. 670 

+  366. 636 

—  0.  782 

4-  366.346 

4-  0.290 

• 

1850 

18 

19    16 

8.612 

365. 863 

0.847 

365. 567 

0.296 

860 

j^  Sagittarii     -     .     . 

1850 

3 

19    16 

15.366 

4-  365.420 

-  0.847 

4-  365. 308 

4-  0. 112 

861 

■)^  Sagittarii 

1755 

5 

19    10 

38.  702 

-f  364.606 

—  0.  774 

4-  364.864 

—  0. 258 

j 

i 

1850 

«3 

19    16 

24.  720 

363.842 

0.835 

364.094 

0.252 

• 

862 

50  Sagittarii     .     .     . 

1755 

5 

19    II 

41.392 

+  359. 087 

—  0.  714 

4-  359.033 

4-  0. 054 

1850 

8 

19    17 

22. 193 

358. 381 

0.772 

358. 336 

0.045 

863 

B.A.C.6643  ..     . 

1850 

5 

19    17 

38. 958 

-f  342.190 

—  0. 562 

4"  341.  786 

4-  0.404 

864 

iJ  Aquila;  .... 

1755 

5 

19    13 

8.558 

4"  302.  761 

—  0. 165 

+  301. 126 

4-  1.635 

f 

1850 

956 

19    17 

56. 104 

302. 597 

0. 180 

300.967 

1.630 

1 

1900 

- 

19    20 

27.380 

302. 505 

0. 187 

300.880 

1.625 

865 

r  Draconis     .     .     . 

1755 

5 

19    20 

5.55 

—  103.88 

-5.78 

—  ioi.,35 

—  2.53 

1 

1800 

- 

19    19 

18.22 

106.47 

5.81 

103.89 

2.58 

1 

1 

1850 

- 

19    18 

24.25 

109.41 

5.84 

106.77 

2.64 

1 

1 

1 

1900 

- 

19    17 

28.82 

112.32 

5.87 

109.64 

2.68 

!    866 

B.  A.  C.  6658  .     . 

1 
1 

1755 
1850 

—  0. 633 
0.680 

4-  350. 268 
349. 646 

1 

I 

3 

19    19 

21.5 

. 

. 

i  «^7 

B.  A.  C.  6666  .     . 

1850 

21 

19    20 

35.249 

4-  371.825 

—  1.006 

4-  371.934 

—  0. 109 

868 

h}'  Sagittarii     .     .     . 

1755 

5 

19    21 

7.549 

-f  366. 129 

—  0. 930 

4-  366. 125 

4-  0.004 

1850 

14 

19    26 

54.942 

365.217 

0.990 

365. 209 

0.008 

!    869 

h^  Sagittarii     .     .     . 

1755 

5 

19    21 

46.384 

4-  366. 876 

—  0.946 

4-  366.513 

4-  0. 363 

1 

1850 

120 

19    27 

34. 479          365. 949 

1.006 

. 365. 583 

0.366 
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DECLINATIONS. 


No. 


851 


852 


853 


855 


856 


866 


Star. 


d  Sagittarii 


B.  A.  C.  6591 


B.  A.  C.  6607  - 


854       6  Draconis 


/:>'  Sagittarii 


^^  Sagittarii 


857  j     t;  Sagittarii 

I 

858  ,         B.  A.  C.  6628 

t 

859  '   k}  Sagittarii 

860  ^  Sagittarii 

861  ^  Sagittarii 

t 

I 

I 

862  50  Sagittarii 

863  .         B.  A.  C.  6643 

864  *     6  Aquilae  . 


865  I     r  Draconis 


B.  A.  C.  6658  . 


867  '        B.  A.  C.  6666 

868  I  h>  Sagittarii     . 

869  ,  h^  Sagittarii     . 


CUD 


5.6 


5.0 
8.0 


5.9 
3.0 

3-0 

5.0 
4.2 

5.5 
6.5 

5.5 
4.9 

5.9 
6.0 

5.4 

6.3 

6.0 
5.6 

6.5 
5.9 

5.9 

3.5 
3.4 

4.5 
4.7 


7.3 
5.8 

6.0 

4.5 
4.7 


I. 


755 
850 

900 

755 
850 

755 
850 

755 
800 

850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

850 

755 
850 

755 
850 

850 

755 
850 

9po 

755 
800 

850 

900 

755 
850 

850 

755 
850 

755 
856 


Declination. 


o  '   // 
—  19  21  53.  76 

>9  12  53.57 
19  751.59 


—  16 

—  22 
22 

+  67 
67 
67 
67 

—  18 
18 

—  18 
18 

—  16 
16 

—  28 
28 

—  24 
24 

—  24 

—  24 
24 

—  22 
22 

—  '5 

+  2 
2 

2 

4-  72 
72 
73 
73 

—  18 
18 


10  32.8 

49  55-  84 
40  34. 19 

13  5'- 36 
18  35.  76 
23  51.92 
29    8. 21 

17  2.  76 
7  28. 59 

44  20.08 
34  53. 19 
23  28.  71 

13  54.  »6 

18  50.40 
9    1.69 

57  32.08 
47  39.9* 
42    2.84 

25  2.98 
15    3- 60 

14  14.98 
4    6.93 

20  44.  23 

38  47. 43 
49  "36 
54  54.81 

53  35.05 

58  47.  77 
4  3>.6o 

10  11.52 

49  55.  >3 

39  27.61 


—  27  17  14.56 

—  25  13  54.47 
25    2  33. 59 

—  25  23  59. 95 
25  12  34. 36 


Centennial 
variation. 


// 


+  545.34 
59>.8i 

616.09 


Secular 
variation. 


+  567.53 
614.80 

+  631.83 
632.  1 7 
632. 46 
632.69 

+  581.38 
627. 11 

+  573.55 
619.81 

4"  582. 15 
627. 38 

+  594.99 
644.30 

4-  599.32 
647. 29 

+  649.41 

4-  607.08 
654.69 

4-  616.59 
663.44 

+  664.42 

4-  636. 93 
676.55 
697. 25 

4-  698.31 

691.53 
683.78 

675.84 

4-  637. 76 
683.25 

4-686.98 

4-  693. 16  . 
740.17 

4-  698.07 
745.  « 7 


4"  49.17 
48.68 

48.42 

4-  47.98 
47.55 

4-  50.03 
49.50 

4-  0.84 
0.69 

0.53 
0.36 

4-  48.60 
48.15 

4-  48.98 
48.40 

4-  47.84 
47.38 

4"  52.22 
51.60 

4-  50.  77 
50.21 

4-  50. 12 

4-  50.39 
49.84 

4-  49. 58 
49.05 

4.  46. 85 

4"  41.89 

41.52 
41.32 

—  14.88 
15.26 
15.69 
16. 10 

4-  48.20 
47.56 

4-  50.61 

4-  49.80 
49. 18 

4-  49.90 
49.26 


Struve's 
precession. 


// 


4"  547.04 

593- 54 
617.84 

4-  562.41 
607.85 

4"  569.39 
616.80 

4-  623.60 
623. 83 
623.99 
624.08 

4-  582.01 
627.84 

4-  582.  77 
628.90 

4"  583. 96 
629. 20 

4-  596.66 

645.93 

4-  606.23 
654. 14 

4-  655.09 

4-  60S.  74 
656. 38 

4-  617.45 
664.30 

4-  666.56 

4"  629. 55 
668.97 

689.57 

4-  687.02 
680.40 
672. 83 
665.06 

4"  635. 14 
680. 70 

4.  690. 76 

4"  695. 5> 
742.51 

4-  700.83 
747.86 


Proper 
motion. 


II 
I.  70 

1.73 
'.75 


—  1.86 
2.00 

4-  8.23 
8.34 
8.47 
8.61 

—  0.63 
0.51 

—  9.22 
9.09 

—  1.81 
1.82 

—  1.67 
1.63 

—  6.91 
.     6.85 

-5.68 

—  1.66 
1.69 

—  0.86 
0.86 

—  2. 14 

4-  7.38 
7.58 
7.68 

4-11.29 

II.  13 

10.95 

10.78 

4-  2.62 

2.55 

-3.78 

—  2.35 
2.34 

—  2.76 
2.69 


Sec.  var. 

of  proper 

motion. 


// 
—  0.03 


4-  0.21 
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STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


No. 


874 


884 


885 


886 


887 


888 


Star. 


870  B.  A.  C.  6707 

871  B.  A.  C.  6710 

872  ]     K  Aquiloe  . 


873     53  Sagittarii 


B.  A.  C.  6727 


875  r*  Sagittarii     . 

876  e^  Sagittarii     . 

877  B.  A.  C.  6746 

878  /  Sagittarii     . 

879  y  Aquilx  . 


880       a  Aquil;]e 


881      57  Sagittarii 


882       D  Sagittarii 


883        If  Sagittarii 


l3  Aquilie 


e  Draconis 


^  Sagittarii 


A  Sagittarii 


r  Sagittarii 


850 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

850 

755 
850 

755 
850 

900 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
800 

850 

900 

755 
850 

755 
850 

755 
850 


Vm  (A  , 

O  B  I 

u  .2 

.2  ^  I  Right  ascension. 

I  §  '■ 

3  (A  ■ 

^  o  I 


5 
2 

5 
132 

5 
10 

5 
II 

5 
31 

5 
65 

8 

5 
52 

50 


I 
30 

5 
26 

5 
26 

50 


5 
15 

5 
30 

5 
136 


Centennial 
variation. 


A,   m, 
9    27 


J. 
41.259 


9    28    20. 928 


23 
28 


9    3« 


9 
9 

9 
9 

9 
9 

9 
9 


9 
9 

9 
9 
9 

9 
9 
9 


9 
9 
9 

9 
9 
9 
9 


25 
30 

25 
31 

26 

32 

28 

33 

35 

32 
37 

34 
39 
41 

38 
43 

45 


9  37 

9  43 

9  40 

9  46 

9  41 

9  47 


43 
47 
50 

48 
48 
48 
48 


9  44 

9  49 

9  43 

9  49 

9.  47 

9  53 


42. 109 

49.213 
30.691 

4.709 
48. 322 

21.884 
5.817 

40. 130 
7.587 

29. 180 

56. 156 

0.022 

2.920 
36. 497 

36.666 
7.712 

30.  332 

49.590 
27.867 
54.263 

56.168 
28.  733 

47. 877 
38.686 

52.794 
44.179 

16.619 
56.708 
24.072 

52.76 
46.86 

39.29 
30.64 

2. 121 
26.369 

59. 585 
48.  500 

33.266 
25.669  I 


4"  350.479 

4"  348.990 
+  323.466 

323. 065 
322.844 

-f  362. 144 
361.244 

+  362.486 
361.577 

4"  345.021 
344. 356 

-f  344.521 
343-  843 

-f  342.860 

+  351.545 
350. 716 

+  285. 359 
285. 265 
285.213 

-f  293.008 
292. 837 
292.  745 

+  350.491 
349. 640 

+  369. 882 
368. 655 

+  370. 503 
369. 248 

-f  294.897 
294.764 
294.690 

—  12.15 
14.06 
16.21 
18.38 

-f  341.696 
340. 927 

4"  367.893 
366. 658 

4"  371.624 
370. 269 


Secular 
variation. 


s. 
0.775 

o.  754 

0.410 

0.435 
0.448 

0.920 
0.974 

0.930 
0.984 

0.681 
o.  720 

0.696 
0.733 
0.697 

0.851 
0.895 

0.097 
o.  102 
o.  105 

0.177 
0.183 

o.  184 

0.876 

0.916 

1.268 
1. 316 

1.293 
1.349 

0.136 

o.  144 

0.147 

4.20 
4.26 

4.34 
4.42 

o.  790 
0.829 

1.275 
1.326 

1. 401 

1.452 


Struve's 
precession. 


s. 
-f  350.322 


4-  348 

4"  323 

323 
322 

4-  362 
361 

4"  362 
361 

4-  344 
343 

4-  344 
343 

4-  341 

4"  352 
351 

4-  285 
285 
285 

4"  289 
289 
289 

4-  350 

349 

4-368 
367 

4"  370 
369 

+  294 

294 
294 

—  13 
15 
17 
>9 

4-  341 
340 

4-  367 
366 

4-  371 
370 


773 
560 

159 
941 

399 
484 

382 
465 
606 
936 

"7 
434 

841 

615 

777 

3>7 
222 

173 

399 

247 
168 

453 
596 

474 
256 

655 
397 

738 
576 

493 

59 
50 
65 
85 

742 
971 
821 
587 

415 
063 


Proper 
motion. 


Sec  var. 

of  proper 

motion. 


— 

—  - 

s 

4- 

0. 

157 

4- 

0. 

217 

— 

0. 

094 

0. 

094 

0. 

097 

— 

0. 

255 

0, 

240 

+ 

0. 

104 

0. 

112 

+ 

0. 

415 

0. 

420 

+ 

0. 

404 

0. 

409 

+ 

I. 

019 

— 

I. 

070 

I. 

061 

+ 

0. 

042 

0. 

043 

0. 

040 

+  3. 

609 

3- 

590 

3. 

577 

+ 

0. 

038 

0. 

044 

+ 

I. 

408 

I. 

399 

— 

0. 

151 

0. 

149 

+ 

0. 

'59 

0. 

1S8 

0. 

197 

+ 

I. 

44 

I. 

44 

I. 

44 

I. 

47 

— 

0. 

046 

0. 

044 

+ 

0. 

072 

0. 

071 

+ 

0. 

209 

0. 

206 

J. 


023 


-f-o.  028 
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DECLINATIONS. 


No. 

Star. 

ft 

• 

I 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Striive's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0     1  .  II 

// 

// 

// 

II 

•  // 

870 

B.  A.  C.  6707  .     . 

6.4 

1850 

19  10  44.  52 

4"  748.45 

4-  47.  '3 

4-  748.80 

—  0.35 

871 

B.  A.  C.  6710  .     . 

5.8 

1850 

—  '8  33  34. 20 

+  748.54 

4"  46.88 

4"  754.  '4 

—  5.60 

872 

K  Aquilse  .... 

4.0 

1755 

—     7  33    4. 48 

+  716.69 

4-  43. 79 

4-  716.61 

4-0.08 

0.00 

5.4 

1850 

7  21  23.94 

758. 05 

43.30 

757.97 

0.08 

1900 

7  14  59.  52 

779. 63 

43.04 

779. 55 

0.08 

873 

53  Sagittarii 

7.0 

1755 

—  23  57  38.94 

4-  722.82 

+  48.89 

4-  727.86 

—  5.04 

• 

6.7 

1850 

23  45  50. 11 

768.86 

48.03 

774. 05 

5. '9 

874 

B.  A.  C.  6727  .     . 

7.0 

'755 

—  23  57  56.3' 

+  728.69 

4- 

0       ^ 

4"  730.21 

-  '.52 

875 

^*  Sagittarii 

6.2 

5.5 

1850 
1755 

23  46    2.06 
—  16  49  56.  74 

774.89 
4"  735-34 

4^.06 

48. 32 

4- 

776. 40 
4"  740.83 

I. 51 
5.49 

876 

^  Sagittarii     .     .     . 

5.5 
5-0 

1850 
1755 

16  37  57.26 
—  16  40  31.36 

779. 26 
+  753.54 

a6.  CT 

45.95 
4-  46. 29 

784.66 
4-  755. 58 

5.40 
—  2.04 

5.4 

1850 

16  28  14.  70 

797. 24 

45.72 

799.23 

1.99 

877 

B.  A.  C.  6746  .     . 

5.8 

1850 

—  15  48  47.81 

4-  787." 

4-  45.57 

4-  807. 73 

— 20. 62 

878 

/  Sagittarii     . 

6.0 

1755 

—  20  19  38. 38 

4"  774.89 

4-  46.  77 

4-  784.39- 

—  9.50 

5.2 

1850 

20    7    I . 20 

819.00 

46. 10 

828.60 

9.60 

879 

y  Aquilae  .... 

3.0 

1755 

-f  10    2    4.25 

+  804.21 

4-  37.<>7 

-f  805.06 

—  0.85 

4-  o.oi 

3.0 

1850 

10  15    5.17 

839.86 

37.39 

840. 70 

0.84 

1900 

10  22    9.  77 

858. 52 

37.25 

859. 36 

0.84 

880 

0  Aquiloe  .      .      .      . 

1.5 

1755 

4-    8  14  24.  72 

4-  875.09 

-h  38.96 

4"  838. 64 

4-36. 45 

4-  0.47 

I.I 

1850 

8  28  33.  57 

911.90 

38.52 

875. 02 

36.88 

1900 

8  36  14. 32 

93'.  'o 

38.29 

893. 97 

37. '3 

881 

57  Sagittarii     .     .     . 

5-5 

1755 

—  19  38  41.  18 

4-  824.97 

4-  46. 18 

4-  831.56 

—  6.59 

6.1 

1850 

19  25  16.  72 

868.53 

45.52 

875. 1 1 

6.58 

882 

Li  Sagittarii     .     .     . 

6.0 

>75S 

—  26  55  35.  52 

4"  863.  74 

4"  48.  74 

4-  854. 25 

4-  9.49 

S.I 

1850 

26  41  33  II 

909.64 

47.91 

899.96 

9.68 

883 

d  Sagittarii 

5.0 

>755 

—  27  47  43.87 

4-  859. 28 

4-  48.40 

4-  862.85 

—  3.57 

4.6 

1850 

27  33  45-  82 

904.89 

47.61 

908.47 

3.58 

884 

/i  Aquilie  .... 

3.5 

'755 

+    5  48  48. 24 

+  824.  76 

4-  38. 38 

4-  873. 87 

—49. 1 1 

4-0.02 

3.9 

1850 

6    2    9. 02 

861.02 

37.94 

910. 12 

49.10 

1900 

6    9  24.26 

879.94 

37.71 

929. 02 

49.08 

885 

e  Draconis     .     . 

5.5 

1755 

+  ^  38  35.5' 

-f-  920.^5 

—    1.78 

4-  917.76 

4"  2.49 

• 

1800 

69  45  29. 44 

919.40 

2.03 

916.83 

2.57 

0 

3.7 

1850 

69  53    8. 87 

918.31 

2.3' 

915.65 

2.66 

1900 

70    0  47.  73 

917.09 

2.60 

9'4. 32 

2.77 

886 

^Sagittarii 

6.0 

'755 

—  16    7  13.67 

4-  870.94 

4-44.42 

4-  879. 85 

—  8.91 

5.3 

1850 

'5  53    6.33 

9'2.83 

43-77 

921.  75 

8.92 

887 

A  Sagittarii     .     .     . 

5.5 

'755 

—  26  50    6.92 

4-  881.34 

4-  47. 87 

4"  879. 53 

4-  1. 81 

5.3 

1850 

26  35  48. 16 

926.44 

47.08 

924. 59 

1.85 

888 

c  Sagittarii     .     .     . 

4-5 

1755 

—  28  22    4.41 

4-  909.03 

4-  47.99 

4-  907.44 

4-  1.59 

4.7 

1850 

28    7  19.31 

954. 22 

47.15 

952.60 

1.62 
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STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


No. 

Star. 

1 

umber  of 
nervations. 

Right  ascension. 

Centennial 
variation. 

Secular 
variation. 

Struvc*s 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

U 

^'•i 

h. 

m. 

J. 

• 

s. 

s. 

/. 

/. 

s. 

889 

63  Sagittarii 

1755 

5 

19 

48 

14.009 

+  337.467 

—  0.766 

4"  337.350 

4-  0. 117 

1850 

15 

19 

53 

34.253 

336.  727 

0.792 

336.608 

0. 119 

890 

r  Aquildc  .... 

1755 

5 

19 

52 

9.886 

4-  293.575 

—  0.  198 

4-  293.326 

4-  0.249 

1 

1850 

63 

19 

56 

48.692 

293.  385 

0.  201 

293.  '37 

0.248 

1900 

19 

59 

15.360 

293. 285 

0.201 

293. 041 

0.244 

891 

65  Sagittarii     .     .     . 

1755 

5 

19 

51 

48. 016 

+  334.812 

—  0.  747 

4"  335.011 

—  o'99 

1850 

5 

19 

57 

5.747 

334. 092 

0.769 

334.284 

0. 192 

892 

^  Capricorn  i  . 

1755 

5 

19 

58 

22. 156 

4-  333. 837 

—  0.  781 

4-  334.062 

—  0. 225 

1850 

12 

20 

3 

38.944 

333. 082 

0.810 

333. 309 

0.227 

893 

f^  Capriconii  . 

1755 

5 

19 

58 

45.700 

+  335.641 

—  0.  774 

4-  334.497 

4-  '.'44 

1 

1850 

12 

20 

4 

4.207 

334.896 

0.794 

333.  74' 

'.'55 

1 
1 

894 

3  Capricorni  . 

1755 

5 

20 

2 

47.  733 

-f  333.619 

—  0.806 

'  4-  333. 694 

—  0. 075 

1 

1 
1 

1850 

5 

20 

8 

4.304 

332.  845 

0.824 

332. 9'5 

0.070 

895 

4  Capricorni  . 

'755 

5 

20 

3 

35.883 

4-  354.  715 

—  1.232 

4"  354.644 

-f  0.071 

• 

1850 

15 

20 

9 

12.301 

353. 530 

1.263 

353. 456 

0.074 

896 

a'  Capricorni  . 

1755 

9 

20 

4 

2.904 

+  334.010 

-  0.  S23 

4-  333. 982 

-f  0.028 

1 

1 

1850 

114 

20 

9 

19.839 

333.221 

0.839 

333. 193 

0.028 

1 

1 

897 

«.*  Capricorni  .     .     . 

1755 

9 

20 

4 

26. 473 

+  334.  347 

—  0.827 

-f  334.037 

4-  0.310 

1 

1850 

- 

20 

9 

43.  726 

333.  554 

0.844 

333. 242 

0.312 

1900 

. 

20 

12 

30. 397 

333. 130 

0.853 

332. 820 

0.310 

r 

! 

898 

a  Capricorni  -     -     - 

1755 

5 

20 

5 

13-697 

4-  348.244 

—  1. 116 

4"  348. 285 

—  0.041 

1850 

29 

20 

10 

44.022 

347.  1 72 

I.  140 

347.211 

0.039 

899 

V  Capricorni  . 

1755 

5 

20 

7 

3.208 

4"  334.227 

0.855 

4-  334.322 

—  0.095 

1850 

8 

20 

12 

20.337 

333.411 

0.864 

333. 509 

0.098 

900 

B.  A.  C.  6992    .     . 

1755 

4 

20 

6 

59.  277 

4-  338.  743 

-  0.932 

4-  338.624 

4-  0.119 

1850 

12 

20 

12 

20.660 

337. 849 

0.951 

337. 727 

0. 122 

901 

/?  Capricorni  .     .     . 

'755 

5 

20 

7 

13.359 

+  i3^.  788 

—  0.937 

4-  338. 602 

-f  0.186 

1 

1850 

159 

20 

12 

34.782 

337.888 

0.957 

337. 702 

0.186 

902 

X  Ursae  Minoris  . 

'755 

21 

17 

40.87 

-3033.5' 

-1806.85 

—3030.  '9 

-  3.32 

1775 

21 

6 

56.  II 

3419.  71 

2055. 82 

3415.94 

3.77 

1 

1800 

20 

51 

33.20 

3975.  l^ 

2388.  14 

3970.91 

4.42 

1 

• 

1825 

20 

33 

41. 18 

4612.77 

2702.  72 

4607.60 

5. '7 

1850 

20 

»3 

0.78 

5320. 43 

2936. 22 

53'4.42 

6.01 

1875 

>9 

49 

18.01 

6064.97 

2975. 83 

6058.09 

6.88 

1900 

19 

22 

3'. 37 

—6781.07 

2689.28 

-6773. 33 

-  7.74 

903 

0  Pavonis 

1850 

20 

13 

45.  »5 

4-480    5 

-  5.89 

4-  480.38 

4-  0.37 

1875 

20 

>5 

45.16 

479  27 

5.92 

478.90 

0.37  ' 

> 

1900 

20 

17 

44.79 

477.  78 

5.96 

477. 4' 

0.^ 

904 

K  Cephei  .... 

1755 

20 

16 

39.92 

—  170.68 

-15.56 

-  170.95 

4-  0.27 

1800 

20 

15 

21.50 

177.77 

15.90 

178.03 

0.26 

1850 

20 

>3 

50.60 

185.84 

16.35 

186.09 

0.25 

1900 

20 

12 

15.63 

194.08 

16.77 

'94.35 

0.27 

QM 

.    The  I 

eductiuQS  to  past  epc 

K;hs  are  somewl 

lat  uncertain. 
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DECLINATIONS. 


No. 

Star. 

Mag. 

1 

'  Epoch. 

Declination. 

Ce 
va 

ntennial 
riation. 

Secular 
variation. 

Struve*s 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0      '       // 

II 

// 

// 

II 

889 

63  Sagittarii     .     .     - 

6.0 

1755 

—  14  17  42.61     4- 

I914. 30 

4"  43.46 

4-:^9'2.  73 

4-  '.57. 

5.7 

1850 

14   2  54.51     '^^ 

955. 28 

42.82 

'953.  70 

1.58 

890 

r  Aquilse  .... 

5.5 

1755 

+    6  36  16.00     -f' 

'943.96 

4-  37. 45 

4-    943.24 

4-  0.72 

4-  0.03 

5.9 

1850 

6  51  29.59 

979.3' 

36.97 

978. 56 

0.75 

1900 

6  59  43-  86  1 

997.73 

36.71 

996.96 

0.77 

891 

65  Sagittarii     .     -     . 

6.0 

>755 

—  13  20  13.43 

+ 

935. 37 

4-  42.72 

4-    940.43 

—  5.06 

6.7 

1850 

13     5     5.66 

975. 64 

42.07 

980.  72 

5.08 

892 

^  Capricorni  . 

6.5 

1755 

—  '3    5  59-  74     + 

988.67 

4-  41.89 

4-    990.84 

—  2.17 

6.8. 

1850 

12  50     I.  70 

1028. 15 

41.22 

1030. 36 

2.21 

893 

^  Capricorni  .     . 

6.0 

1755 

-  '3  '854.88  1  + 

974.84 

4-  42. 16 

4"    993.82 

—18.98 

6.3 

1850 

'3    3    9.86 

1014. 61 

4'.  57 

'033. 52 

18.91 

894 

3  Capricorni  . 

6.5 

'755 

'3    4    3.74     + 

1023.83 

4-  41.40 

4-  '024.35 

—  0.52 

6.8 

1850 

12  47  32.  52 

1062. 83 

40.70 

1063. 37 

0.54 

89s 

4  Capricorni  .     .     . 

6.0 

,  '755 

—  22  32  42.48 

4" 

1026. 61 

4-  43. 97 

4-  '030.37 

-  3.76 

6.1 

1850 

.     22  16     7.48 

1067.99 

43. '4 

1071. 76 

3-77 

896 

a*  Capricorni  . 

4.0 

1755 

—  13  14  44.83     4- 

1034.  II 

4"  4'.  32 

4-  '033.76 

4"  0.35 

1 

4.5 

1850 

12  58    3.89 

1073. 03 

40.62 

1072. 67 

0.36 

897 

0^  Capricorni  . 

3.0 

1755 

—  13  17  14.05 

4" 

1036.  75 

4"  41.3' 

4-  '036.73 

-f  0.02 

4-  0.01 

3.6 

1850 

13    0  20.61 

1075. 65 

40.58 

1075. 62 

0.03 

• 

1900 

12  51  17.73 

1095. 85 

40.20 

1095. 82 

0.03 

898 

0  Capricorni  . 

5.5 

1755 

—  19  51  45.81 

4" 

104'.  73 

4"  42.95 

-f  1042.60 

5-  0.87 

1 

1 

5-6 

1850 

'9  34  56.9' 

1082. 16 

42. 16 

1082.99 

0.83 

899 

V  Capricorni  . 

5.0 

'755 

—  13  30  37.  71 

+ 

1055.45 

4-  40.99 

-f  1056.22 

—  0.77 

5.2 

1850 

'3  '3  36.55 

1094.05 

40.27 

1094.84 

0.79 

900 

B.  A.  C.  6992    .     . 

7.0 

'755 

'5  32  '4.63     + 

'055. 33 

4-  41.63 

4-  '055.73 

—  0.40 

6.7 

1850 

'5  '5  13.39 

1094.50 

40.83 

1094.88 

0.38 

901 

(i  Capricorni  . 

3.5 

'755 

-  '5  32    6.54     4. 

1057. 08 

4-  41.62 

4-  1057.45 

-  0.37 

3.2 

1850 

15  15    3.57  ! 

1096.32 

40.93 

1096.60 

0.28 

902 

X  Ursae  Minoris  . 

- 

'755 

-f  88  30  23.06 

4" 

1525.75 

—288.84 

4-  '523.91 

4-  '.84 

• 

'775 

88  35  22.  10 

1462.  77 

343.02 

1461.00 

'.77 

1800 

88  41  16.  25 

1366.95 

425.97 

1365. 29 

1.66 

1S25 

88  46  43.64 

1248.05 

528.34 

1246. 52 

'.53 

• 

6.3 

1850 

88  51  37.91 

1101.13 

650. 27 

1099.77 

1.36 

• 

i 

1 

1 

1875 

88  55  51.48 

921.  72 

787. 33 

920. 56 

1. 16 

1 

1 

1 

1900 

+  88  59  15.81 

4- 

707.44 

—927. 16 

4-    706.52 

-f  0.92 

I 

a  Pavonis 

2. 1 

1850 

—  57  12  34.96 

— 

1096.09 

4"  58.09 

4-  1105. 16 

-  9.07 

i 

1875 

57    7  59.  '3 

1 

"10.55 

57.57 

1 1 19. 62 

9.07 

1 

1 

1900 

1 

57    3  '9.  70 

1124.88 

57.04 

"33.94 

9.06 

904 

K  Cephei  .... 

4.5 

1 

1755 

+  76  57  42.66     + 

1129.61 

—  21.05 

-f  1126.82 

4-  2.79 

- 

1800 

77    6    8.82 

) 

1119.94 

21.99 

1117.13 

2.81 

4.3 

1850 

77  15  25.99  , 

1 

1108.66 

23.06 

1105.84 

2.82 

• 

1900 

77  24  37. 40 

1096.87 

24. 16 

1094. 03 

2.84 
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RIGHT  ASCENSIONS. 


No. 

Star. 

1 
Epoch. 

Number  of 
1  observations. 

Right  ascension. 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

//. 

w. 

s. 

s. 

X. 

J. 

s. 

J. 

905 

y  Cygni     .... 

'755 

5 

20 

13 

26.  352 

+  215.127 

4-  0.174 

4"  214.949 

4-  0.178 

1850 

87 

20 

16 

50.803 

215.298 

0.186 

215. 119 

0.179 

1900 

- 

20 

18 

^^'  475 

215.392 

0. 191 

215.212 

0.  180 

906 

IT  Capricorn  i  . 

1755 

5 

20 

'3 

16.  138 

4"  345.485 

—  1. 121 

4"  345.476 

4-  0.009 

1850 

"7 

20 

18 

43. 840 

344.409 

1. 145 

344.390 

0.019 

1900 

- 

20 

21 

35-901 

343. 834 

1. 155 

343.814 

0.020 

907 

p  Capricorni  . 

1755 

5 

20 

14 

51.397 

+  344.313 

-  1. 117 

4-  344.451 

—  0. 138 

1850 

209 

20 

20 

17.987 

343. 243 

1. 136 

343. 377 

0.134 

908 

B.  A.C.  7043    .     . 

1850 

- 

20 

20 

26.2 

—  1. 120 

4-  342.560 

. 

909 

B.  A.  C.  7044    .     . 

1755 

I 

20 

'4 

59. 470 

4"  344.616 

—  1. 106 

4-  344. 553 

4-  0.063 

1850 

13 

20 

20 

26. 353 

343. 556 

1. 125 

343.484 

0.072 

910 

B.  A.C.  7049    .     . 

1755 

. 

20 

'5 

6.754 

+  354.476 

-  '.387 

4-  354.609 

-  0. 133 

1850 

14 

20 

20 

42.881 

353. '61 

1.382 

353. 308 

0.147 

911 

0  Capricorni  .     .     . 

1755 

5 

20 

'5 

49.466 

4"  346.013 

-  1. 155 

4-  346.015 

—  0.002 

1850 

6 

20 

21- 

17.654 

344.906 

1. 175 

344.901 

4-  0.005 

912 

B.  A.  C.  7063    .     . 

■  1850 

- 

20 

22 

42. 

. 

—  1. 019 

4-  337.401 

.    .    . 

913 

B.  A.  C.  7077    .     . 

1755 

- 

20 

18 

14. 420 

+  360.336 

-  '.532 

4-  360. 127 

4-  0.209 

1850 

18 

20 

23 

56. 047 

358. 877 

1.545 

358. 659 

0.218 

914 

B.  A.C.  7087    .     . 

1850 

5 

20 

25 

50.  229 

+  334.433 

—  0.979 

4-  334.454 

—  0.021 

915 

e  Delphini    ^. 

1755 

5 

20 

21 

30. 305 

+  286.894 

—  0.134 

-f  286.809 

4-  0.085 

1850 

284 

20 

26 

2.794 

286.769 

0. 1 28 

286.683 

0.086 

1900 

- 

20 

28 

26. 163 

286. 707 

0. 122 

286. 620 

0.087 

916 

r'  Capricorni  . 

1755 

5 

20 

23 

35. lOI 

+  338. 539 

—  1.030 

4"  338.025 

4-  0.514 

1 

1850 

8 

20 

28 

56.244 

337.  546 

1.060 

337. 028 

0.518 

1    917 

Groombridge  3241 

1755 

- 

20 

30 

52.39 

-     13.23 

6.28 

-    12.95 

—  0.28 

1800 

- 

20 

30 

45.80 

16.09 

6.43 

15.81 

0.28 

1850 

- 

20 

30 

36.94 

19.35 

6.61 

19.07 

0.28 

1900 

- 

20 

30 

26.42 

22.  70 

6.79 

22.42 

0.28 

918 

r'^  Capricorni  .     . 

>755 

5 

20 

25 

32. 685 

4-  337.470 

—  1. 041 

4-  337. 459 

-f  O.OII 

1850 

35 

20 

30 

52.809 

336. 476 

1.052 

336. 463 

0.013 

919 

V  Capricorni  . 

1755 

5 

20 

26 

4.298 

4-  343. 766 

—  1.205 

4-  343-977 

--  0.  211 

1850 

45 

20 

31 

30-  330 

342. 616 

1 

1. 217 

342. 825 

0.209 

920 

a  Cygni     .... 

1755 

0 

20 

^3 

5.146 

4-  204. 153 

+  0.198 

-|-  204. 109 

4-  0.044 

1850 

- 

20 

36 

19. 182 

204. 349 

0.214 

204, 299 

0.050 

1900 

•         • 

20 

38 

1.384 

204. 458 

0.224 

204.406 

0.052 

921 

^  Capricorni  . 

1755 

5 

20 

3' 

32.  739 

4"  358.304  I 

—  1. 641 

4-  358. 788 

—  0.484 

1850 

43 

20 

37 

12.384 

356.  736 

1.659 

357. 209 

0.473 

922 

17  Capricorni  . 

'755 

5 

20 

3' 

55.542 

4-  350.496 

-  1.443 

4-  350.425 

4-  0.071 

1850 

'5 

20 

37 

27.861 

349. 123 

1.448 

349.057 

0.066 

923 

B.  A.  C.  7237    .     . 

'755 

- 

20 

38 

36.516 

4-  354. 806 

-  1.587 

4-  354. 329 

4-  0.477 

1850 

12 

20 

44 

12.862 

353. 284  ' 

1 

1. 617 

352. 790 

0.494 
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DECLINATIONS. 


Centennial 

Secular 

SJruve's 

Proper 

Secvar. 

No. 

Star. 

^ 

Declination. 

•    .  • 

•       • 

■ 

• 

of  proper 

I 

variation. 

vanation. 

precession. 

motion. 

a           a 

motion. 

s 

W 

• 

// 

0     1     " 

// 

II 

// 

II 

905 

y  Cygni     .... 

3.0 

1755 

+  39  29    5- 18 

4-  1 

[  102. 65 

4-  25.  73 

+ 

1103.34 

—  0.69 

0.00 

2.3 

1850 

39  46  44. 28 

[ 126. 97 

25.46 

[127.66 

0.69 

1900 

39  56  10.94 

' 

1139.67 

25-32 

1140.36 

0.69 

906 

IT  Capricorni  .     .     . 

5-0 

1755 

—  18  59  41.81 

+ 1 

[ 100. 35 

4-  41.67 

+ 

r  102. 08 

-  1.73 

0.00 

5.5 

1850 

18  41  57.81 

• 

1139-53 

40.82 

[  141. 26 

1.73 

1900 

18  32  22.96 

'1 59- 83 

40.38 

[  161. 56 

>-73 

907 

p  Capricorni  .     .     . 

6.0 

1755 

—  18  36  14.47 

+  > 

nil.  70 

4-  41.29 

+  1 

1113.69 

-    1.99 

5.3 

1850 

18  18  19.86 

1150.53 

40.47 

1152.54 

2.01 

908 

B.  A.  C.  7043    .     . 

6.7 

1850 

-  17  55  32.0 

• 

. 

4"  40.31 

+  1 

1153-52 

•         •          • 

909 

B.A.C.  7044    .     . 

7.5 

«755 

-  18  39  31.83 

+ 1 

1099-85 

4-  41.33 

+  i 

[114.68 

-14.83 

7.0 

1850 

18  21  48.45 

1 138.  72 

40.51 

"53-55 

14.83 

910 

B.  A.  C.  7049    .     . 

•             • 

1755 

—  23  10  59.00 

+ 1 

[III.  14 

4-  42.49 

+  1 

[1 15. 54 

—  4.40 

6.S 

1850 

22  53    4-  38 

[151.08 

41.58 

1155-50 

4.42 

911 

0  Capricorni  .     .     . 

6.0 

1755 

—  19  22  27. 34 

+ 1 

[112.  41 

4-  41.39 

+  1 

[  120. 72 

—  8.31 

6.2 

1850 

19    4  32.00 

II5I.33 

40.56 

1159-65 

8.32 

912 

B.A.C.  7063    .     . 

6.4 

1850 

-  15  33 

- 

. 

4"  39.48 

+  1 

[  169. 66 

. 

913 

B.  A.  C.  7077    .     . 

m               « 

1755 

-  25  44  56. 14 

+  1 

1128.73 

4-  42.51 

+  1 

1138.42 

-  9.69 

6.4 

1850 

25  26  44.81 

[  168. 66 

41.56 

[178.40 

9.74 

914 

B.A.C.  7087    .     . 

6-3 

1850 

—  14  13  56.56 

-f  ' 

[  197. 06 

4"  38-  72 

+  ' 

[191.88 

4-5.18 

915 

e  Delphini      .     .     . 

4.0 

1755 

4-  10  29  II.  78 

+  1 

1159.46 

4"  ZZ'  61 

+  1 

[161.64 

—  2.18 

—  O.OI 

4.0 

1850 

10  47  48. 35 

[191.13 

33.08 

[  193. 32 

2. 19 

1900 

10  57  48.04 

[207. 60 

32.80 

[209.  79 

2. 19 

916 

r'  Capricorni  .      .      . 

6.0 

1755 

-  15  5838.63 

+  1 

1172.34 

4"  39. 56 

+  ' 

1176.43 

—  4.09 

7-0 

1850 

15  39  47.21 

1 

1209.53 

38.75 

1213.56 

4.03 

917 

Groombridge  3241 

6.0 

1755 

-f  71  42    0.00 

+  1 

[225.59 

—    2.09 

+  1 

[227.51 

—  1.92 

1800 

71  51  11.29 

[224. 58 

2.42 

[226.  52 

1.94 

6.0 

1850 

72     I  23.26 

[223.  27 

2.80 

[225.  22 

1.95 

1900 

72  II  34.53 

[221.78 

3.18 

1223.  74 

1.96 

918 

r^  Capricorni  . 

6.0 

>755 

—  15  47  43.01 

+  1 

1187.39 

4"  39.17 

+  ' 

[  190. 27 

-  2.88 

5.6 

1850 

15  28  37.45 

[224. 18 

38.28 

[227.05 

2.87 

919 

V  Capricorni  .     .     . 

5.0 

1755 

—  18  58  58.49 

4"  1 

1 193. 83 

4-  39.  77 

+  ' 

[  193. 99 

—  0. 16 

5.7 

1850 

18  39  46. 55 

1231. 19 

38.90 

1231.37 

0.18 

920 

a  Cygni     .... 

I.O 

1755 

-f-  44  24  57.28 

+  ' 

1241.92 

4"  22. 87 

+  1 

[242.  77 

—  0.85 

4-  O.OI 

1.7 

1850 

44  44  47-  38 

1263.52 

22.60 

[264. 36 

0.84 

1900 

44  55  21.96 

1274.  78 

22.46 

[275.62 

0.84 

1    921 

Y>  Capricorni  . 

4.5 

*755 

-  26-    7  54.  78 

-f  1 

[215.99 

4-  40.67 

+  1 

1232. 16 

—16. 17 

1 

4-3 

1850 

25  48  21.39 

[254. 15 

39.67 

[270.37 

1^.22 

922 

17  Capricorni  .     .     . 

6.0 

1755 

—  22  23     7.66 

4"  1 

1231.90 

4"  39.90 

+  1 

1234-76 

—  2.86 

6.0 

1850 

22    3  19.49 

1269.38 

39.00 

[272. 12 

2.74 

923 

B.  A.  C.  7237    .     . 

.     . 

1755 

—  24  40  54.  23 

4"  1 

[271.48 

+  39. 50 

+  1 

[280. 27 

-  8.79 

6.9 

1850 

24  20  28.66 

1308.49 

38.43 

1317.24 

8.75 

17 
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RIGHT  ASCENSIONS. 


No. 

Star. 

1 

t*rt      CA 

.Z   %    Right  ascension. 

i5-§ 

Centennial 
variation. 

J. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Secvar. 

of  proper 

motion. 

h. 

m. 

s. 

s. 

/. 

s. 

X. 

924 

fi  Aquarii  .... 

ms 

* 

\         20 

39 

25.f36 

+  325. 088 

—  0.820 

+  324. 881 

-f  0.207 

1850 

16; 

\         20 

44 

33.598 

324.307 

0.825 

324.106 

0.201 

1900 

• 

20 

47 

15.648 

323. 895 

0.824 

323. 692 

0.203 

925 

19  Capricorni  .     .     . 

1755 

1 

)         20 

40 

55. 262 

4"  341.322 

—  1.278 

+  341.832 

—  0.510 

1850 

I' 

\         20 

46 

i8t940 

340. 107 

I.  281 

340. 620 

0.513 

926 

7  Aquarii .... 

1755 

1 

>         20 

43 

38.368 

+  325.833 

—  0.872 

+  325.952 

—  0. 1 19 

1850 

( 

>         20 

48 

47.517 

325. 007 

0.869 

325. 125 

0. 118 

927 

B.  A.  C.  7263    .     . 

1850 

( 

>         20 

49 

>6. 323 

+  337. 121 

—  1.084 

-f  336. 661 

+  0.460 

928 

Lai.  40522  .     .     . 

1850 

• 

20 

50 

23.6 

.     .     .     . 

—  1. 108 

+  333. 659 

•          •          • 

929 

20  Capricorni  .     .     . 

1755 

1 

)         20 

45 

38.621 

+  343. 559 

-  1.356 

+  343.445 

+  0.114 

1850 

r 

\         20 

51 

4.389 

342. 270 

1.358 

342.156 

0. 114 

930 

V  Cygni     .... 

1755 

i 

\         20 

48 

3.056 

-f  222.930 

+  0.343 

-f-  222.905 

-f  0,025 

1850 

I2i 

\        20 

51 

34.998 

223. 267 

0.366 

223. 246 

0.021 

1900 

- 

20 

53 

26. 678 

223. 453 

0.379 

223.428 

0.025 

93> 

8  Aquarii .... 

1755 

t 

* 

)       20 

46 

25.388 

4"  33>.  609 

-  J. 039 

+  331.910 

—  0. 301 

1850 

«< 
% 

\      20 

51 

39.948 

330. 624 

>.035 

330.921 

0.297 

932 

21  Capricorni  .     .     . 

1755 

1 

;   20 

47 

2.441 

+  340. 025 

-  1.277 

• 

+  340. 323 

—  0.298 

1850 

I( 

)   20 

52 

24.888 

338.811 

1.278 

339. 108 

0.297 

933 

9  Aquarii .... 

«755 

* 

;     20 

47 

36.645 

+  332. 530 

—  1.076 

-1-  332.'692 

--  0. 162 

1850 

;     20 

52 

52.064 

331.509 

1.074 

331.677 

0.168 

934 

12  Year  Cat.  1879  . 

'755 

- 

20 

57 

50.64 

-  215.36 

-27. 53 

—  214.21 

-  1. 15 

1775 

- 

20 

57 

7.01 

220.95 

28.07 

219.80 

I.  IS 

1800 

- 

20 

56 

10.89 

228.04 

28.75 

226.89 

1. 15 

1825 

•               * 

20 

55 

12.96 

235. 33 

29.44 

234.18 

1. 15 

1850 

• 

20 

54 

13.21 

242.78 

30.15 

241.63 

1. 15 

1875 

• 

20 

53 

11.55 

250. 41 

30.88 

249.26 

1. 15 

1900 

- 

20 

52 

7.99 

-  258. 23 

—31.62 

—  257.08 

-  I.  IS 

935 

fl  Capricorni  .     .     . 

>755 

;     20 

50 

25.490 

+  344. 056 

—  1.430 

+  344.4" 

-  0. 355 

1850 

3^ 

)    20 

55 

51.699 

342.698 

1.428 

343.054 

0.356 

936 

.6  Capricorni  .     .     . 

1755 

* 

)    20 

52 

8.580 

+  339. 597 

1.284 

+  339. 125 

+  0. 472 

1850 

15< 

)    20 

57 

30.617 

338. 378 

1.282 

337.908 

0.470 

937 

B.  A.  C.  7325    .     . 

1755 

1 

[     20 

52 

41.879 

-f  344.628 

-  1.454 

+  344.718 

—  0.090 

1850 

\    20 

58 

8.620 

343.247 

1.454 

343. 337 

0.090 

938 

X  Capricorni  . 

ms 

1 

)    20 

54 

29. 125 

+  346. 567 

-  1. 541 

+  346.439 

-1-  0.128 

1850 

11 

[     20 

59 

57.670 

345.106 

1.536 

344.985 

0. 121 

939 

61 »  Cygni     .... 

1755 

* 
4 

I    20 

55 

56. 104 

-f  267.  t79 

+  0. 370 

-f  232.986 

+34.793 

-H).o29 

• 

• 

1850 

48; 

J    21 

0 

10. 670 

268. 152 

0.415 

233.317 

34.835 

1900 

- 

21 

2 

24.797 

268.366 

0.442 

233. 525 

34.841 

940 

26  Capricorni  .     .     . 

1755 

# 
« 

{    20 

55 

15.  793 

+  344. 395 

-  1.470 

+  344. 371 

+  0.024 

1850 

«< 
% 

\    21 

0 

42.306 

343.000 

1.466 

342.973 

0.027 
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DECLINATIONS. 


Na 

Star. 

it 

1 

Declination. 

Centennial 
variation. 

Secular 
variation. 

• 

Stmve's 
precession. 

Proper 
motion. 

Sec  var. 

of  proper 

motion. 

% 

M 

0    '       '/ 

II 

II 

II 

// 

// 

924 

11  Aquarii  .... 

4.5 

1755 

-    9  53    7.01 

+ 

1281.49 

+  35.87 

+ 

1285.  83 

--  4.34 

+   O.OI 

5.0 

1850 

9  32  33. 53 

i3'5. 18 

35.06 

'3'9.5' 

4.33 

1900 

9  21  31.58 

1332. 60 

34.62 

'336. 93 

4.33 

925 

19  Capricorni  .     .     . 

6.0 

1755 

—  18  50    3. 16 

+ 

1294. 18 

-f  37.5' 

+ 

1295.88 

—  1.70 

6.1 

1850 

18  29  16.91 

1329. 38 

36.57 

'33'.  04 

1.66 

926 

7  Aquarii .... 

6.0 

'755 

—  10  37  12. 10 

+ 

1312.69 

+  35.34 

+ 

'3'3.-97 

-  1.28 

5.9 

1850 

10  16    9.21 

1345.88 

34.53 

'347. 16 

1.28 

927 

B.A.C.  7263    .     . 

5.9 

1850 

—  16  36  18.  75 

+ 

'347.42 

+  35. 83 

+ 

1350. 29 

—  2.87 

928 

1^.40522  .     .     . 

6.1 

1850 

--'S3  33.2 

- 

.     .     . 

+  35.24 

+ 

'357. 52 

.     .     . 

929 

20  Capricorni  .     .     . 

6.0 

1755 

—  19  58    2.02 

+ 

1324.69 

+  37.03 

+ 

1327.  '8 

—  2.49 

6.3 

1850 

19  36  47. 01 

'359. 37 

36.00 

1361.91 

2.54 

930 

V  Cygni     .... 

4.0 

'755 

-f  40  14    6.01 

+ 

1341.09 

+  23. 59 

+ 

1342.92 

—  1.83 

0.00 

4.0 

1850 

40  35  30. 64 

'363. 34 

23.26 

'365.17 

1.83 

1900 

40  46  55. 21 

'374.94 

23.10 

'376.  77 

1.83 

931 

8  Aquarii  .... 

6.0 

'755 

—  13  59 ''4. 42 

+ 

'33'.  '5 

+  35.57 

+ 

1332. 29 

—  1. 14 

6:8 

1850 

'3  37  53.9' 

• 

'364.53 

34.70 

'365. 70 

1. 17 

932 

21  Capricorni  .     .     . 

6.0 

'755 

—  18  28  10. 13 

+ 

'336.5' 

+  36. 39 

+ 

'336.  zz 

-1-  0.18 

6.4 

1850 

18    6  44. 17 

1370. 64 

35.47 

'370. 50 

0. 14 

• 

933 

9  Aquarii .... 

6.0 

1755 

-  14  28  15.24 

+ 

'338.  74 

+  35. 59 

+ 

'340. 03 

—  1.29 

6.8 

1850 

14    647.51 

« 

1372. 12 

34.72 

'373.40 

1.28 

934 

12  Year  Cat.  1879  . 

. 

'755 

-f  79  37  11.00 

+ 

1402. 46 

-  23.  '5 

+ 

'405. 37 

—  2.91 

'775 

79  4'  5'.  02 

1397.  78 

23.81 

1400.  71 

2.93 

1800 

79  47  39.  70 

'39'.  74 

24.63 

'394.70 

2.96 

1825 

79  53  26. 86 

'385. 46 

25.50 

1388.45 

2.99 

5.3 

1850 

79  59  12.40 

1378. 98 

26.39 

1382. 00 

3.02 

1875 

80    4  56.31 

1372. 27 

27.29 

'375-  32 

3.05 

1900 

-f-  80  10  38. 52 

+ 

'365. 33 

—  28.22 

+ 

1368.42 

—  3.09 

935 

9  Capricorni  . 

5.0 

'755 

—  20  48  21.42 

+ 

'352. 39 

+  36.42 

+ 

'358.30 

-  5.9' 

5.1 

1850 

20  26  40.38 

'386. 53 

35.47 

1392. 42 

5.89 

936 

d  Capricorni  .     .     . 

5.5 

'755 

—  18  II  21.26 

+ 

1361. 71 

+  35.76 

+ 

1369. 29 

-7.58 

4.1 

1850 

1749  31.62 

'395. 23 

34.80 

1402.  70 

7.47 

937 

B.  A.  C.  7325    .     . 

7.0 

'755 

—  21    8  32.99 

.+ 

'369.39. 

+  36.06 

+ 

1372. 87 

-  3.48 

6.9 

1850 

20  46  35-  95 

1403. 18 

35.08 

• 

1406.69 

35' 

938 

X  Capricorni  . 

5.5 

'755 

—  22    9  38.96 

+ 

'377.  79 

+  36.08 

+ 

1384.22 

—  6.43 

5.4 

1850 

21  47  33-9' 

141 1. 65 

35.21 

1417.96 

6O' 

939 

6i>  Cygni    .... 

5.5 

'755 

+  37  33  31.55 

+ 

1712.64 

+  30. 35 

+ 

'393.4' 

+3 '9. 23 

+  2.94 

• 

5.0 

1850 

38    0  52.21 

'74'.  3' 

30.00 

1419. 30 

322. 01 

2.94 

1900 

38  15  26.60 

1756.27 

29.82 

1432.  78 

323. 49 

2.94 

940 

26  Capricorni  .     .     . 

7.5 

'755 

—  21  10    1.89 

+ 

1388. 23 

+  35.66 

+ 

1389.  '6 

-  0.93 

7.0 

1850 

20  47  47. 14 

1421.63 

34.66 

1422.62 

0.99 

278 
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RIGHT  ASCENSIONS. 


No. 


941 


942 


943 


944 


945 


946 


947 


948 


949 


950 


951 


952 


953 


954 


955 


956 


957 


958 


Star. 


27  Capricomi  . 


V  Aquarii  . 


C  Cygni 


^  Capricomi 


29  Capricomi 


14  Aquarii 


30  Capricomi  . 


31  Capricomi 


t  Capricomi  . 


B.  A.  C.  7408 


17  Aquarii  .     • 


a  Cephei  . 


I  Pegasi 


33  Capricomi 


18  Aquarii 


19  Aquarii .     . 


C  Capricomi  . 


35  Capricomi 


5 

£  $    Right  ascension. 


M 


J^-g 


755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755  I 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 


5 
3 

5 
70 

5 
899 

5 
17 

5 
27 

4 
7 

5 
3 

3 
3 

5 
153 

2 
10 

5 
6 


n.  Iff.  S, 

20  55  30.  128 

21  O  58.018 

20  56  13.423 

21  I  25. 144 


I 


21 
21 
21 

21 
21 

21 
21 

21 
21 

21 
21 

21 
21 

21 
21 

21 
21 

21 
21 


3   21 
653   21 

.   .  I  21 


4 
64 

5 
14 

5 
8 


21 
21 
21 

21 
21 

21 
21 


5 
41 

5 


21 
21 

21 


2  31.393 
6  33.291 

8  40.744 


I 

7 

2 
7 

3 

8 


38. 953 
5.238 

9.324 
26. 392 

7.268 
M.  378 


4  10. 749 

9  32.174 

4  30.844 

9  5'.  721 

8  34.254 

13  53.309 

8  48.312 

13  55- 325 

9  46.987 

14  53.526 

12  42.  732 

14  59.742 

16  11.618 

10  45.846 

15  9.059 

17  27.656 


13. 595 
38.802 


10 

'5 

10  46. 528 

15  59.448 


21  12 


1.825 


7  21  17   9.153 


10  21 


12  38.070 
18  5.719 

13  18.871 
18  44.110 


Centennial 
variation. 


s, 

+  345. 855 
344.438 

-f  328.  594 
327.660 

-f  254.456 
254.808 
255.004 

+  344. 185 
342.733 

+  334. 325 
333. 190 

+  323. 697 
322. 854 

+  338. 990 
337.696 

4"  338. 399 
337.  i3> 

4"  336.469 
335. 228 

-f  323.601 
322.  745 

+  323. 104 
322. 246 

-f  144.524 
143.917 
143. 588 

4-  276.990 

277. 147 
277.241 

+  343.061 
341.587 

+  329. 907 
328.874 

-f  323. 935 
323. 076 

4"  345.690 
344.101 

+  343.  "5 
341.600 


Secular 
variation. 


X. 

—  1.494 
1.490 

—  0.986 
0.979 

+  o.  356 

0.384 
0.400 

—  1.532 
1.524 

—  1.200 
1. 190 

—  0.893 
0.882 

—  >.367 
1.357 

—  1.340 
>.33o 

—  i.3'2 
1.300 

—  0.909 
0.894 

—  0.916 
0.891 

—  0.627 
0.651 
0.664 

+  o.  151 
o.  180 

0.195 

—  1.560 

J.543 

—  1.095 
1.080 

—  0.920 
0.888 

—  1.680 
1.667 

—  1.602 

1.587 


Stmve's 
precession. 


Proper 
motion. 


I 


+  345.025  ^ 
343.609  ' 

-f  328.040 
327. 107 

-f  254.646 

254.994 
255. 190 

+  344.276 
342.829 

+  334.170 
333. 034 

-f  323.812 
322. 972 

+  338. 956 
337.660 

+  337.969 
336.699 

+  336.318 
335. 075 

+  323. 594 
322.  745 

+  323.5*6  I 
322.661  : 

+  142. 340  J 

141.703  i 

141.360  I 

-I-  276.400  ' 
276.560 
276.654 

-f  343.244 
341.769 

+  329. 301 
328. 266 

-f  324.030  j 
323. 157  ' 

I 

+  345.  715  i 
344.123 

+  343. 365 
341.852 


s, 
-h  0.830 
0.829 

-f  0.554 
0.553 

—  o.  190 

0.186 
0.186 

—  o.  091 
0.096 

+  o.  155 

0.156 

—  o.  115 
o.  118 

+  0.034 

0.036 
-f  o.  430 

0.432 

-f  o.  151 

0.153 

-f  0.007 
0.000 

—  0.412 

0.415 
-f  2.184 

2.214 
2.228 

+  0.590 

0.587 
0.587 

—  o.  183 
o.  182 

-f  0.606 

0.608 
—  0.095 

0.081 

—  0.025 
0.022 

—  o.  250 

0.252 


dec.  var. 

of  proper 

motion. 


s. 


+0.003 


+0.029 


—0.002 
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DECLINATIONS. 


No. 

Star. 

* 

S 

• 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Secvar. 

of  proper 

motion. 

0    /        // 

II 

II 

II 

II 

// 

941 

27  Capricorni  .     .     . 

7.5 

nss 

—  21  31  21.63 

+  1375.28 

+  35.94 

+ 

1390.62 

-15.34 

6.5 

1850 

21     9  19.06 

1408. 95 

34.95 

1424.17 

15.22 

942 

V  Aquarii  .... 

5.0 

1755 

-—  12  20  51.82 

+  1393.55 

+  33. 91 

+ 

1395.21 

—  1.66 

4.7 

1850 

1 1  58  32.  78 

1425. 35 

33.03 

[426. 94 

1.59 

943 

C  Cygni    .... 

4.0 

IZ55 

+  29  14    3.01 

+  1427.58 

+  25. 36 

+ 

(434.30 

—  6.72 

—  o.oi 

3.0 

1850 

29  36  50-  58 

1451.45 

24.89 

[458. 18 

6.73 

1900 

29  48  59. 40 

1463. 83 

24.65 

1470.  56 

6.73 

944 

^  Capricorni  .     .     . 

6.0 

1755 

—  21  39    7.08 

+  1427.33 

+  34.66 

+ 

1428. 95 

—  1.62 

. 

5.5 

1850 

21  16  15.65 

1459.  77 

33.65 

1461.37 

1.60 

945 

29  Capricorni  .     .     . 

5-0 

1755 

—  16  10  24.51 

+  1431.78 

+  33.  56 

+ 

1432. 06 

—  0.28 

5.7 

1850 

15  47  29. 3« 

1463. 22 

32.62 

1463. 48 

0.26 

946 

14  Aquarii .... 

7.5 

1755 

—  10  13  10.45 

+  1436.74 

-f  32. 30 

+ 

'437. 97 

-  1.23 

6.6 

1850 

9  50  II.  10 

1467. 02 

31.44 

1468. 29 

1.27 

94/ 

30  Capricorni  . 

6.0 

1755 

—  18  59  44. 45 

+  1443-25 

+  33.  71 

+ 

1444.41 

—  1. 16 

5.5 

1850 

18  36  38.31 

1474. 80 

32.72 

1475. 97 

1. 17 

948 

31  Capricorni  .     .     . 

6.5 

1755 

—  18  28  28.01 

-f  1447.76 

-f  33. 64 

+ 

1446.44 

+  1.32 

6.7 

1850 

18    5  17.62 

1479. 25 

32.66 

1477. 90 

'35 

949 

I  Capricorni  . 

5.0 

1755 

-  17  51  44.69 

4-  1471.20 

+  32.  77 

+ 

1470. 84 

+  0.36 

4.4 

1850 

17  28  12.42 

1501.87 

31.79 

1501.50 

0.37 

950 

B.  A.  C.  7408    .     . 

7.0 
6.9 

1755 
1850 

+  3'. 44 
30.56 

+ 

1472. 24 
1501.69 

—    9  57  44.0 

. 

.     .     . 

951 

17  Aquarii .... 

6.0 

1755 

-  >o  20  55. 53 

+  1475. 10 

+  31.20 

+ 

1478. 07 

—  2.97 

6.2 

1850 

957. 20. 24 

1504. 32 

30.32 

i  507. 31 

2.99 

952 

a  Cephei  .... 

3.0 

1755 

4-  61  33  14. 23 

+  1499.  >9 

4"  13.63 

+ 

1495. 25 

+  3.94 

-f  0.20 

2.7 

1850 

61  57    4.58* 

1512.03 

13.40 

1507.90 

4.13 

1900 

62    9  42.26 

1518.69 

13.  28  , 

1514.46 

4.23 

953 

I  Pegasi    .... 

4.0 

1755 

-f  18  46    8.  78 

-f  1488.82 

+  26.67 

-f 

1483. 81 

+  5.01  . 

-f  0.08 

4.3 

1850 

19    9  55.08 

i5'3.85 

26.09 

1508.76 

5.09 

1900 

19  22  35. 27 

1526.81 

25.77 

1521.68 

5.13 

954 

33  Capricorni  .     .     . 

6.0 

1755 

—  21  52  38.81 

-f  1466.53 

+  33. 14 

+ 

1480. 67 

-14.14 

5.7 

1850 

21  29  10.81 

1497. 52 

32.08 

1511.64 

14. 12 

955 

18  Aquarii  .... 

6.0 

1755 

-  13  54  50.38 

-1-  1483.06 

+  31.82 

+ 

1483.90 

-  0.84 

• 

5.7 

1850 

13  31     7.26 

1512.84 

30.88 

"5I3.64 

0.80 

956 

19  Aquarii .... 

6.0 

1755 

—  10  46  37. 25 

-f  1474.23 

+  30.97 

+ 

1491. 27 

—17.04 

S.8 

1850 

10  23    2.89 

1503.23 

30.08 

[520.27 

17.04 

957 

i  Capricorni  . 

4.0 

1755 

—  23  27  22.97 

-f  1495.08 

+  33.00 

+ 

1494.80 

+  0.28 

3.7 

1850 

23    3  27.92 

1525.92 

31.93 

1525.64 

0.28 

958 

35  Capricorni  .     .     . 

6.0 

1755 

—  22  14  25. 10 

+  1494.28 

+  32.  70 

+ 

1498.76 

-  4.48 

6.2 

1850 

2I  50  30.94 

1524. 82 

31.62 

1529. 27 

4.45 

28o 


STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


No. 


959 


960 


961 


962 


963 


964 


965 


966 

967 

968 

969 
970 

97» 
972 

973 


974 


975 


976 


Star. 


b  Capricorn! 


fi  Aquarii 


37  Capricomi 


38  Capricomi  . 


/?  Cephci 


e  Capricomi 


f  Aquarii 


y  Capricomi  . 

42  Capricomi  . 

K  Capricomi  . 

B.  A.  C.  7550 

44  Capricomi  . 

45  Capriicorni  . 
B.  A.  C.  7558  . 

c  Pegasi    . 


B.  A.  C.  7562 


r*  Capricomi 


(^  Capricomi 


.  I 


°  § 


^  §!  ;  Right  ascension. 


^    o 


Centennial 
variation. 


Secular 
variation. 


755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
800 

850 

900 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

850 

75S 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 


( 


5 
9 

5 
874 

5 
8 


2   ;  2 

5  ,  2 

^  !2 
2 
2 
2 


5 
34 

5 
231 

5 
83 

5 
9 

5 
21 

10 


9  I  2 


5 
8 


5 
882 


5 
12 

5 
5 


m,  s, 

14  42. 640 

20  9. 777 
18  38.612 

23  39.573 

26  17.714 

21  2.977 
26  .25.226 

21  5.468 

26  28. 460 

25  24. 07 

26  1.48 

26  42. 28 

27  22. 23 

23  19. 482 

28  40.535 

24  41-321 

29  45. 810 

32  25.767 

26  29. 022 

31  46.471 

28  11.847 

33  23.233 

28  56.439 

34  »6. 528 

34  49.642 

29  40. 600 

34  53-052 

30  36.409 

35  49-177 


s. 
+  345.  136 
343-  576  ! 

+  3>7.i47  I 

316.459  I 
316. 104  j 

+  339.947 
338.480 

4"  340.  725 
339.261  i 

+  83.86  I 
82.41 
80.75 

79.04 
+  338. 666  . 

337.238 ! 

-f  320.914 
320. 119  I 

319.  709  i 

I 

4"  334. 792 
333.527  I 

+  328. 318  I 

327. 237 

+  337.637 

336. 238 

+  337.311 

+  329. 465 
328. 333 

+  329.804 
328.660  i 


36  4.1 

32  9. 163  1  +  294.  766 

36  49.153  I        294.692 

39  16. 492          294. 665 

31  49.568  I  -f  321.896 


36  54.963 

31  55.216 

37  o.  166 

33  10. 814 

38  15.900 


321.044 

+  321.429 
320. 574 

+  321.576 
320.  714 


0.909 
0.886 

0.912 
0.889 

0.920 
0.894 


Struve's 
precession. 


1.649 
1.634 

o.  739 
0.710 

0.708 

1.562 
1.526 

1. 551 
1.532 

3.  >7 
3.27 
3.38 
3.47 

1. 511 

1.495 
0.848  ' 

I 

0.826  I 

0.814    ! 

.343 
.322    I 

.149 

I 
.  127 

.483 
.463 

.505 

.203 
.179 

.216 
.193 

.304 
.270 


J". 
+   344.  231 
342.670 

+  3>7.o69 

316.377 
316.021 

+  340.099 
338. 639 

+  340.370 
S8.903 

+    83.68 
82.23 

80.57 
78.85 

+  338. 671 
337. 246 

+  320. 191 
3>9.392 
318.982 

+  333. 593 
332. 329 

+  329. 234 
328. 137 

+  336.  765 
335. 368 

+  336.460 

-f  329.630 
328.500 

+  330.043 
328. 901 

+  331.898 
330. 667 


0.093  +  294.599 
0.062  j  294,523 
o.  046  294. 498 


-\-  321.418 
320. 572 

-f  321.481 
320. 627 

-f  321.660 
320.  798 


Proper 
motion. 


Secvar. 

of  proper 

motion. 


s, 
+  0.905 
0.906 

-f  0.078 
0.082 
0.083 

—  o.  152 
0.159 

-f  o.  355 
0.358 

-I-  0.18 
0.18 
0.18 
o.  19 

-—  0.005 
0.008 

+  o.  723 
0.727 
0.727 

+  1. 199 
1. 198 

—  0.916 
0.900 

-I-  o.  872 
0.870 

+  0.851 

—  o.  165 
o.  167 

—  0.239 
0.241 


-I-  o.  167 
o.  169 
o.  167 

-f  o.  478 

0.472 

—  0.052 

0.053 

—  0.084 
0.084 


s. 


0.000 


J 
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DECLINATIONS. 


No. 

Star. 

if 

• 

I 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Stmve's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0    /        '/ 

II 

// 

II 

// 

959 

b  Capricomi  .     .     . 

s-s 

1755 

—  22  51  29.81 

+ 

1505.  II 

+  32.68 

-f  1506.86 

-  1.75 

4-7 

1850 

22  27  25.37 

1535.65 

31.62           1537.34 

1.69 

960 

/?  Aquarii .... 

JO 

1755 

—    6  38    6. 16 

+ 

1527.69 

+  29.33     +  1529.36 

1 

—  1.67 

+  0.02 

2.6 

1850 

6  13  41.75 

1555. 14 

28.46           1556.79 

1.65 

1 

1900 

6    0  40.64 

1569. 26 

28.00           1570.90 

1 

1.64 

1 

961 

37  Capricomi  .     .     - 

7.0 

1755 

—  21     9  41.52 

+ 

1545.46 

-\-  31.02  1  +  1542.93 

+  2.53 

6.0 

1850 

20  44  59. 49 

<574.44 

29.98           1571.92 

2.52 

962 

38  Capricomi  .     .     . 

7.0 

1755 

—  21   19  26. 16 

+ 

1537.40 

-f  3»-i4 

+  1543-  »6 

-  5.76 

6.9 

1850 

20  54  51.74 

1566.48 

30.09           1572.21 

5.73 

963 

&  Cephei  .... 

3.0 

1755 

+  69  29  19.06 

+ 

1566.51 

-\-    6.98  '  -f  1567.00 

—  0.49 

1800 

69  41     4.  70 

1569.64 

6.82 

1570. 12 

0.48 

3.0 

1850 

69  54  10.36 

1572.99 

6.64 

1573.46 

0.47 

1900 

70     7  17.67 

1576.26 

6.46 

1576.  74 

0.48 

964 

e  Capricomi  . 

5.0 

1755 

—  20  32  56.40 

+ 

1553.86 

+  30.61 

+•  1555  58 

—  I.  72 

4.7 

1850 

20    8    6.58 

1582.45 

29. 60           1584. 10 

1.65 

965 

^  Aquarii  .... 

5.0 

1755 

—    8  56  21.21 

+ 

«559.5> 

1 
+  28.  73  i  -i-  1563. 10 

—  3.59 

-f-0.05 

5.0 

1850 

8  31  26. 85 

1586.38 

.27. 82 

1589.92 

3.54 

1900 

8  18  10.20 

1600. 16 

27.34 

1603.68 

3.52 

966 

y  Capricomi  .     .     . 

4.0 

1755 

—  17  45  22.40 

+ 

1573.99 

-\-  29.88 

+  1572.88 

-f  I. II 

• 

3.7 

1850 

17  20  13.78 

1601.86 

28.82 

1600.60 

1.26 

967 

42  Capricomi  . 

6.0 

1755 

-  15    7  36.28 

4" 

1551.85 

-\-  28.  70 

-f  1582.20 

.  -30. 35 

5.6 

1850 

14  42  49. 22 

1578.65 

27.73 

1609.05 

30.40 

968 

K,  Capricomi  .     .     . 

5.0 

1755 

-  19  58    7. 52 

+ 

1583.92" 

-\-  29.61 

-f  1586. 18 

—  2.26 

5.0 

1850 

>9  32  49. 59 

1611.54 

28.54 

1613.67 

2.13 

969 

B.  A.  C.  7550    .     . 

6.3 

1850 

—  20  18    9.  71 

+ 

[614. 52 

+  28.50 

+  1616.  53 

—  2.01 

970 

44  Capricomi  .     .     . 

6.0 

1755 

—  15  30  23.28 

+ 

1592. 28 

-\-  28.61 

-I-  1590. 10 

-f  2.18 

6.1 

1850 

15    4  57.85 

1619.00 

27.63 

1616.84 

2. 16 

971 

45  Capricomi  .      .     . 

6.0 

1755 

—  >5  5>  23.90 

+ 

1589.20 

-h  28.48 

+  1595.06 

-  5.86 

6.3 

1850 

15  26    1.46 

1615. 79 

27.49 

1621.68 

5.89 

972 

B.  A.  C.  7558    -     . 

6.0 

1755 

—  17    4  43.86 

+ 

[594. 18 

+  28.65 

-f  1596.21 

—  2.03 

• 

8.0 

1850 

16  39  16. 61 

1620. 92 

• 

27.64 

1622. 95 

2.03 

973 

e  Pegasi   .... 

2.5 

1755 

4"    8  45  49. 08 

+ 

1602.60 

+  25.22 

+  1603.23 

—  0.63 

-h  0.02 

2.3 

1850 

9  II  22.83 

[626. 20 

24.47 

1626.  79 

0.59 

1900 

9  24  58. 98 

1638. 34 

24.09 

1638. 92 

0.58 

974 

B.  A.  C.  7562    .     . 

7.5 

1755 

-  10    8  57.  73 

-f 

[601.45 

+  27. 64 

-f-  1601.51 

—  0.06 

5.5 

1850 

9  43  24. 02 

1627. 27 

26.72 

1627. 32 

0.05 

• 

975 

r*  Capricomi  .     . 

6.0 

ms 

—  10  II  41.20 

+ 

1601.44 

-f  27.60 

-\-  1602.00 

—  0.56 

5.5 

1850 

946    7.51 

1627. 23 

26.72 

1627.  74 

0.51 

976 

^  Capricomi  . 

6.5 

1755 

—  10  23  35. 40 

+ 

1607.89 

+  27.34 

-f-  1608.66 

—  0.77 

6.4 

1850. 

9  57  55. 71 

"633.42 

26.41 

1634.17 

0.75 
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RIGHT  ASCENSIONS. 


No. 


977 


978 


979 


980 


981 


982 


983 


984 


985 


986 


987 


988 


989 


990 


Star. 


X  Capricorni 


50  Capricorni  . 


6  Capricorni 


II  Cephei 


fi  Capricorni  . 


B.  A.  C.  7620 


B.  A.  C.  7650 


79  Draconis 


29  Aquarii(mean) 


30  Aquarii . 


B.  A.  C.  7680 


a  Aquarii . 


B.  A.  C.  7690 


I  Aquarii 


991  I    a  Gruis 


992  i         B.  A.  C.  7704 


993     35  Aquarii 


755 
850 

755 
850 

755 
850 

755 
800 

850 

900 

755 
850 

900 

755 
850 

755 
850 

755 
800 

850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 


W4         (0 

o   e 

r 


5 
24 

3 
3 

5 
159 


Right  ascension. 


5 
126 


5 


5 


5 
22 

5 
21 

I 

5 

10 


5 
77 

86 

I 

3 

5 
12 


/t.   w. 


2 
2 
2 
2 

2 
2 

2 
2 

2 
2 

2 
2 
22 


2 
2 

2 
2 
22 

2 
2 


33 
38 

33 
38 

33 
38 

38 

38 

39 
40 

39 
45 
47 


s. 

19.327 
27. 397 

28.  199 
36.696 

29.  1 75 
45-  403 
14.  12 

56.26 

42.33 
27.63 

54.641 
6.801 

50.681 


Centennial 
variation. 


J. 
-f  324.  771 
323.800 

-f  325.  224 
324.249 

+  333-484 
332.  265 

4-    94.33 
92.96 

91.39 
89.76 

+  329. 139 
328. 044 

327. 479 


45    35.0 


45 
50 

49 
50 
51 
51 

48 
54 

50 

55 

51 

56 

53 

58 

o 

53 
58 

53 

58 

52 

58 
I 

54 
59 


21.921 
21.386 

47.  II 
22.18 

O.  II 

36.90 

59.089 
12.652 

22. 220 
22. 875 

46.  707 
44.941 

11.492 
4.706 

38. 872 

13. 540 
12.912 

10. 622 
19. 878 

39.906 
45.  292 
55.927 

50. 654 
49.894 


21  55    30-586 

22  o    45.033 


4-  315.556 
314.900 

-f    78.90 
76.97 

74.74 
72.42 

+  330. 709 
329.43* 

-f  316.837 
316. 125 

+  3«4.247 
313.619 

-f  308. 859 

308. 438 
308. 229 

+  315.457 
314.806 

-f-  326.080 
324.991 

+  386. 833 
382.414 
380.128 

+  315.328 
314.658 

+  331.684 
330.316 


Sccular 
variation. 


s. 
1.034 
1. 010 

1.038 
1. 014 

1. 295. 
1.272 

2.99 

3.09 
3.21 

3.33 

1. 167 

1. 139 
1. 122 

0.072 
0.945 

o.  706 
0.676 

4.21 

4.37 
4.56 

4.73 

1.362 
1.328 

0.765 

0.734 

0.677 
0.645 

0.459 
0.426 
0.409 

o.  701 
0.669 

1. 163 
1. 130 

4.699 
4,603 
4.546 

o.  722 
0.688 

1.458 
1.422 


Struve's 
precession. 


s, 
-f  324.683 

323-  713 

4-  325. 140 

324. 159 

+  33^'  741 
330.519 

+    91.71 

90.32 

88.74 
87.09 

• 

+  327. 134 
326. 040 

325. 477 

4-  322.493 

321.582 

4-  315.539 
314.878 

-f    78.08 
76.15 

73.91 
71.57 

4-  330. 696 
329. 416 

4.  316. 682 
3>5.97i 

4-  314.483 
313. 850 

4-  308. 837 
308. 418 
308.206 

4-  3«5.047 
314.397 

4-  325. 895 
324.804 

4-  385. 721 
381. 297 

379. 007 

4-  315.545 
3«4.874 

4-  331. 761 
330. 392 


Proper 
motion. 


-f  0.017 
0.022 

4.  0.82 
0.82 
0.83 
0.85 

4-  0.013 
0.015 

• 

4-  o.  155 
0.154 

—  o.  236 
0.231 

-f  0.022 
0.020 
0.023 

4>  0.410 
0.409 

4-  o.  185 
o.  187 

4-  1. 112 
1. 118 
1. 121 

—  0.217 
0.216 

—  0.077 
0.076 


Sec  var. 

of  proper 

motion. 


s, 
+  0.088 

0.087 

4.  0.084 
0.090 

4-  1.743 
1.746 

-f  2.62 
2.64 
2.65 
2.67 

4-  2.005 
2.004 
2.002 


s. 


— 0.006 


4-0.004 
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DECLINATIONS. 


No. 


977 


978 


979 


980 


981 


982 


983 


9«4 


985 


986 


987 


988 


989 


990 


991 


992 


993 


Star. 


X  Capricoroi 


50  Caprioorni 


S  Capricorni 


II  Cephei 


fi  Capricorni 


B.  A.  C.  7620 


B.  A.  C.  7650 


79  Draconis 


29  Aquarii  (mean) 


30  Aquarii . 


B.  A.  C.  7680 


a  Aquarii 


B.  A.  C.  7690 


t  Aquarii 


a  Gruis 


B.  A.  C.  7704 


35  Aquarii 


IS 


5.5 
5.7 

7.5 
6.9 

3.5 
2.8 

4.5 

5-0 
5-4 


6.S 

6.5 
6.5 

6.0 
6.S 

6.0 
6.5 

5.8 

8.0 
8.0 

3-0 
2.7 

7.0 

7.0 

4.5 
4.4 


1.9 

7.5 
7.3 

5.5 
5.9 


Declination. 


a* 


755 

850  I 

I 
755 

850  ' 

755  I 
850 

755  1 
800  ' 

850  I 

900  i 

755 ' 
850  I 

900 1 

755 1 
850 1 

755 1 
850 

755 
800 

850 

900 

I 

755 1 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 


// 


12  28  57.60 
12  3 18.50 

—  12  48  25.08 
12  22  56.64 

—  17 13  31-37 
16  48 18.80 

-i-  70 II  11.86 

70  23  32. 45 
70  37 17.06 

70  51  3,48 

—  14  41 31.42 
14 15 18.81 
14  1 21.64 

—  II 27  3.32 

II    o  54.31 

—  6  34  24.82 

6  8    o.  25 

4.  72  32  42. 93 
72  45  25. 90 

72  59  34. 92 

73  13  45.22 

—  18  8  1.48 
17  41     6.22 

—  7  41  42. 04 

7  14  4'. 95 


Centennial 
variation. 


Secular 
variation. 


Struve's 
precession. 


// 


// 


+ 


+ 


+ 


+ 


-  5  33  53-  7 

-  I  29  57.  77 
I  2  47. 14 
o  48  20.86 


6    4  57.0 

15  2  48.49 
14  35  42.05 

48  7  59. 47 

47  41  3-  58 
47  26  43. 07 


-  6  33  33.6 

--  19  42  27.  II 
19  15  5.24 


-I- 


+ 


+ 


+ 


-f 


+ 


607. 10 
632. 92 


-I-  27.66  -I- 
26.  72 


-f  27.62 
26.67 

+  28.51 
605.39  I    27.48 


595-  93 
621.  72 

578.  79 


I 


644.06 
647.42 
651.04 

654. 59 : 

642.69 
667.90 

680.78 

639. 32 
663.73 

656. 33 
679. 46 

694.26 
696.  72 

699.35 
701.86 

688. 39 
712.00 

694.08 
716.49 


+  1705.69 
1727.08 
1 738. 00 


-I-  1700.65 
1723.24  I 

-f  1687.  38  i 
1714.23  I 
1727.75  I 


+     7.50 

7.35 
7.18 

7.00 

-f  27.04 
26.03 

25.49 

-f  26. 19 
25.22 

+  24.80 
23.90 

+  5.53 
5-35 
5.15 
4.95 

+  25.37 
24.33 

-I-  24.05 
23.13 

4-  23.58 
22.67 

+  22.95 
22.08 
21.62 

-I-  23.47 
22.56 

-f  24. 28 

23.27 

-|-  29.06 

27.45 
26.61 


+ 


+ 


+ 


+ 


+ 


-f 


+ 


+ 


-f 


+ 


+ 


+ 


+ 


-f 


+  23. 14  I  -f 
22.22  I 


-f  1716.93  '  -f  24.26  I  -f 
1739.48  I       23.20  , 


// 


609.36  1 
635  14  I 

610. 14  ' 

635.86  I 

I 

610. 22  I 
636.66 

634.68  I 

637.94  i 
641.44 

644. 86  I 

643.  '2  ! 
668.17  I 

680.97 

646. 04 
670. 46 

670. 1 1 

693.23 

691.22 

693.65 

696.24 
698.71 

687.52 

7".  13 

693.97 
i6. 38  , 

00.  54  I 
22.  56  I 

07.08  I 
28.47  ' 
39.39  ' 

07.  24  I 
29.07  ' 

07.00  I 
29. 60  I 

04.66  ' 
31.46  I 

44.95  I 

14.63 
36.21 

17.66 
40.21  I 

i 


n  Sec.  var. 

Proper         _ 

of  proper 
motion.  ^. 

motion. 


II 

—  2.26 

2.22 

—  14.21 
14.14 

—31.43 
3'.  27 

+  9.38 
9.48 
9.60 

9.73 

—  0.43 
0.27 
o.  19 

—  6.  72 
6.73 

13.78 
13.77 

+  3.04 
3-07 
3." 
3.»5 

+  0.87 
0.87 

-f-  O.  II 

O.  II 


<.39 
1.39 
'39 


0.73 
0.73 


// 


+  0.17 


o.  00 


6.35  ' 

6.36  ' 

17.28       -f  0.07 

17.23  ' 

17.20 


18 


2^4 


STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


994 


995 


996 


997 


Star. 


36  Aquarii  . 


B.A.  C.  7717 


<•*  Aquarii 


B.  A.  C.  7720 


998  I    <^  Aquarii  . 


999  B.  A.  C.  7726 


1000  .        B.  A.  C.  7740 


1 00 1  I  39  Aquarii 


1002  B.  A.  C.  7744 


1003     40  Aquarii  . 


1004  !         B.  A.  C.  7752 


1005     4^  Aquarii 


1006       6  Aquarii  . 


1007 


B.  A.  C.  7774 


1 

1008     44  Aquarii  . 


1009     45  Aquarii 


loio 


lOII 


p  Aquarii 


B.  A.  C.  7804 


1012     51  Aquarii  . 


.  °  § 

^   o 


755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

850 

755 
850 


5 
12 

I 

34 

3 
7 

I 

6 

5 
3' 

4 
6 

I 
14 

5 
6 

4 
8 

4 
I 

I 
9 

5 
II 

5 
409 


5 
5 

5 
'9 

5 
46 


5 
9 


Right  ascension. 


A.   m. 
21     56 


22 

21 
22 

21 
22 


I 

56 

I 

57 
2 


21  57 

22  2 


21 
22 


57 
2 


21  57 

22  2 


21 
22 


59 
4 


s. 
28.567 

30.809 

32.693 
34. 671 

26.  278 
31.540 

35.452 
32.  828 

29.899 
36.089 

46.  738 
44.366 

10.  792 
16. 828 


21  59  ".373 

22  4  20. 134 

21  59  57.491 

22  4  55.074 

22  o  iS.  938 

22  5  24. 683 


22 
22 

22 
22 

22 
22 


I 

6 


4.372 
2.655 


3  39.198 

8  45.791 

3  53.217 

8  54. 926 

22     1 1  33. 438 

22      3  54.815 

22      8  57.016 

22      4  18. 136 

22      9  16. 463 

22   5  50. 136 

22  10  57.473 

22   7  '7.303 

22  12  18. 199 

22  15  40.0 

22     1 1  20. 294 

22     16  17.938 


Centennial 
variation. 


s. 
+  3>8.545 
3 '7.  759 

-f  318.251 

317.499 

-f  321.  792 
320. 870 

+  3'3.3i2 
3>2. 747 

+  322.  791 
321.825 

+  313.  591 
313.002 

-|-  322.608 
321.688 

+  325. 565 
324. 465 

+  313.551 
312.946 

H-  322.326 

321.353 

-I-  314.282 
313.689 

+  323.243 
322. 222 

+  317.967 
317.216 

316.835 

+  318.515 
3' 7.  704 

+  314.348 
313.716 

+  324.037 
322. 995 

+  317.  iio 
316.362 


+  313.605 
313.020 


Secular 
variation. 


s. 
0.844 

0.  811 

0.809 

0.775 

0.988 

0.954 

0.607 
0.584 

1.036 
0.998 

0.638 
0.602 

0.999 
0.938 

1.175 

1.  141 

0.654 
0.620 

1.042 
1.007 

0.642 
0.606 

1.094 
1.056 

0.809 
o.  772 

0.752 

0.872 
0.837 

0.684 
0.646 

1. 116 
1.078 

0.806 
o.  769 


Struve's 
precession. 


J. 
+  318.341 
317.551 

+  317.519 
316.768 

+  321.507 
320.  586 

4-  313.051 

312.487 

-|-  322.426 

321.467 

+  313.494 
312.910 

+  321.625 
320. 693 

+  325.519 
324.418 

4-  313.929 
313.328 

4-  322. 556 
321.581 

+  313. 565 
312.973 

+  323. 258 
322.242 

-I-  317.271 
316.519 
316. 139 

-I-  318. 732 
317.919 

+  314.483 
313.853 

+  323.551 
322. 506 

+  317.050 
316.303 


—  0.725    +315.387 


0.636 
0.596 


+  313.488 
312.903 


Proper 
motion. 


J. 
+  0.204 

0.208 

+  o.  732 
0.731 

+  o.  285 
0.284 

-f  0.261 
0.260 

+  o.  365 
0.358 

+  0.097 
0.092 

+  0.983 
0.995 

+  0.046 
0.047 

—  o.  378 
0.382 

—  o.  230 
0.228 

+  0.717 

o.  716 

—  0.015 

0.020 

+  0.696 
0.697 
0.696 

—  0.217 

0.215 

—  o.  135 

0.137 
-1-0.486 

0.489 

H-  0.060 
0.059 


+  o.  117 
o.  117 


Sec  var. 

of  proper 

motion. 


s. 
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DECLINATIONS. 


Star. 


994 


995 


996 


997 


998 


999 


1000 


looi 


1002 


1003 


1004 


1005 


1006 


1007 


1008 


1010 


101 1 


1012 


36  Aquarii  . 


B.  A.C.  7717 


«•'  Aquarii  . 


B.  A.  C.  7720 


^  Aquarii . 


B.  A.  C.  7726 


B.  A.  C.  7740 


39  Aquarii  . 


B.  A.  C.  7744 


40  Aquarii 


B.  A.  C.  7752 


42  Aquarii . 


Q  Aquatii 


B.  A.  C.  7774 


44  Aquarii 


1009     45  Aquarii  . 


p  Aquarii 


B.  A.  C.  7804 


51  Aquarii 


Epoch. 

Declination. 

0     '       /' 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

// 

Sec.  var. 

of  proper 

motion. 

// 

// 

II 

// 

• 

7.0 

1755 

—    9  22  45.88 

-f  1726.50 

+  23. 13 

+ 1 

1722.01 

4-  4.49 

6-3 

1850 

8  55  '5-41 

1 748. 02 

22.  17 

1743.52 

4.50 

1 

8  0 

1755 
1850 

+  23.  13 
22.18 

+ 1 

[  722. 32 

1743.83 

• 

6.9 

—    8  15  40. 1 

1 

•        •        • 

6.0 

1755 

—  12    0  57. 10 

+  1730.31 

-f  23.20 

-f  J 

1 726. 32 

-1-  3-99 

:  6.8 

1850 

II  33  22.98 

1751.89 

22.22 

'  747. 87 

4.02 

1 
.        7.0 

1755 

-    5    5    2.83 

4-  1721.83 

-f  22.  54 

+ 

[727.00 

-  5.17 

1     6.5 

1850 

4  37  37.06 

1 742. 82 

21.64 

1 747. 99 

5.17 

• 

6.0 

1755 

—  12  45  32.  70 

-f  1726.52 

+  23.34 

+  J 

1 726. 60 

—  0.08 

5.6 

1850 

12  18    2. 13 

1 748. 22 

22.35 

[748.24 

0.02 

.       6.S 

1755 

-    5  27  37.  78 

-f  1726.47 

-f  22.52 

+  1 

[727.85 

-  1.38 

6.3 

1850 

5    0    7. 61 

1 747. 43 

21.61 

[748.79 

1.36 

7.0 
7.0 

*755 
1850 

-f  23.01 
22.02 

-f  ] 

1734.01 
1755.38 

• 

>          >          *         *          . 
•          •          •         •          • 

—  II  48  II. 8 

. 

1 

. 

• 

7.0 

1755 

—  IS  23  22.  78 

-f  1730.24 

+  23. 15 

+  1 

[734.08 

-  3.84 

6.4 

1850 

14  55  48.  75 

1751.75 

22. 14 

1755.59 

3.84 

• 

7.5 

1755 

-    5  55    7.83 

+  1734.92 

-|-  22.  10 

+  1 

1737.46 

-  2.54 

6.7 

1850 

5  27  29.82 

1755.48 

21. 19 

1758.06 

2.58 

7.0 

'755 

-  13    7  36. 58 

-f  1739.16 

-f  22.69 

+  1 

1 739. 02 

+  0.14 

7.0 

1850 

12  39  54.30 

1760.25 

21.70 

[760. 14 

0.  II 

1 

T  n 

1755 
1850 

-4-  22.04 

-f  ] 

[  742. 32 
[762.79 

6.7 

-    5  "  33.3 

1    *•*••  ^•f 

21.  12 

1 

. 

« 

6.0 

1755 

-  H    2  12,,  55 

+  1752.79 

+   22.  15 

-f  I 

1753.44 

—  0.65 

S.8 

1 

1850 

13  34  38.  55 

1773.36 

21.  16 

1774.00 

0.64 

. 

4.5 

1755 

-    8  59  35. 45 

-f  1751.87 

-1-   21.81 

+  1 

1 754. 41 

—  2.54 

-f  0.05 

4.3 

1850 

8  31  41.48 

1772.13 

20.85 

[774.62 

2.49 

- 

1900 

8  16  52. 83 

1782.43 

20.33 

[784.90 

2.47 

• 

6.0 

»755 

—  10  15    2.63 

-f  1752.48 

+   21.77 

+  1 

1754.51 

—  2.03 

6.4 

1850 

9  47    8.  lo 

1772.71 

20.81 

'774.78 

2.07 

. 

6.S 

1755 

—    6  36    4. 18 

4-  1759.25 

-f   21.41 

+  J 

1756.17 

+  3.08 

1        6.4 

1850 

6    8    3.37 

1779. 16 

20.50 

1 776. 08 

3.08 

6.0 

1755 

-  14  3»  16.55 

H-  1761.05 

-f  21.86 

+ 1 

1 762. 62 

~  1.57 

6.3 

1850 

'4    3  '3.83 

1781.34 

20.85 

\ 

1 782. 89 

1.55 

. 

6,0 

1755 

—    9    2  28. 90 

-f  1767.88 

-1-  21.12 

+ 1 

[768.57 

—  0.69 

5-6 

1850 

8  34  20. 03 

1787.49 

20. 16 

[788.24 

0.75 

- 

6.2 

1850 

-     7  57     I.I 

-f  19.58 

+ 1 

1801.38 

. 

. 

6.0 

1755 

6    4    1.88 

-f  1783.09 

-|-  20. 14 

+ 1 

[785.19 

—  2. 10 

5.8 

1850 

5  35  39. 01 

1801.78 

19.22 

[803.80 

2.02 
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RIGHT  ASCENSIONS. 


No. 

Star. 

1  Epoch. 

Number  of 
observations. 

Rig 

ht  ascension. 

Centennial 
variation. 

Secular 
variation. 

Struve*s 
precession. 

Proper 
motion. 

Sec  var. 

of  proper 

motion. 

m. 

J. 

s. 

J. 

J. 

s. 

s. 

1013 

50  Aquarii  .... 

1755 

5 

22 

II 

17.974 

-f  323. 385 

—  1.  Ill 

4-  323. 096 

4-0.289 

1850 

16 

22 

16 

24.697 

322. 343 

1.082 

322. 050 

0.293 

1014 

n  Aquarii  .... 

1755 

5 

22 

12 

45.  574 

+  306. 878 

-  0.328 

4-  306. 845 

4-  0. 033 

1850 

92 

22 

17 

36.966 

306.584 

0.292 

306.554 

0.030 

1900 

•          « 

22 

20 

10.  223 

306.444 

0.267 

306.416 

0.028 

1015 

B.A.C.7818    .      . 

1755 

4 

22 

13 

13.953 

-f  328.067 

—  1.322 

4-  326.494 

4-  1.573 

1850 

19 

22 

18 

25. 027 

326.831 

1.279 

325. 258 

1.573 

1016 

53  Aquarii  .... 

1755 

5 

22 

'3 

14.  501 

-1-  328.066 

—  1.322 

+  326.493 

4-  1.573 

• 

1850 

18 

22 

18 

25.575 

326. 832 

1.279 

325. 259 

1.573 

. 

1 01 7     54  Aquarii  .... 

1755 

5 

22 

13 

39.298 

-f  320. 527 

-  0.979 

4.  3J0.229 

4-0.298 

• 

1 

1850 

3 

22 

18 

43. 3f>i 

319.617 

0.937 

319. 320 

0.297 

1018 

B.A.C.7835     .      . 

1755 

I 

22 

16 

53. 535 

+  322.976 

-  1.073 

+  321.671 

4-  1.305 

1850 

9 

22 

21 

59.884 

321.977 

1.032 

320. 674 

1.303 

1019     56  Aquarii  .... 

.755 

5 

22 

'7 

7.863 

+  323.573 

-  1.168 

4-  323.453 

H-  0.120 

1850 

14 

22 

22 

14.  736 

322.480 

I.  "35 

322.363 

0. 117 

1020       a  Aquarii  .... 

1755 

5 

22 

17 

39.646 

+  319.039 

—  0.934 

4-  319. 194 

-  0. 155 

1850 

116 

22 

22 

42.3<9 

318. 169 

0.892 

318. 326 

0.157 

102 1            Lai.  43974  .      .      . 

1850 

•         ■■ 

22 

23 

25.9 

•          •          •          • 

—  0.564 

4-  314. 199 

- 

1022     58  Aquarii  .... 

1755 

5 

22 

18 

40. 658 

+  319.  738 

—  0.945 

4-  3>9.32o 

+  0. 418 

1850 

12 

22 

23 

43.989 

318.860 

0.904 

318.441 

0.419 

1023     60  Aquarii  .... 

1755 

5 

22 

21 

24.731 

-|-  310.000 

—  0. 438 

4-  309. 75" 

4-  0.249 

1850 

6 

22 

26 

19.040 

309.604 

0.397 

309. 352 

0.252 

• 

1024  i     V  A(|uarii  .... 

1755 

5 

22 

22 

45. 649 

-f  308.811 

-  0. 363 

4-  308. 316 

4-  0. 495 

1850 

350 

22 

27 

38.862 

308.487 

0.320 

307.990 

0.497 

1900 

•         • 

22 

30 

13.067 

308. 333 

0.297 

307. 836 

0.497 

1025 

226(H)Cephei.      .      . 

1755 

- 

22 

27 

52.17 

-f  112.00 

-  2.95 

4-  112.17 

—  0.14 

i 

1800 

- 

22 

28 

42.26 

110.64 

3.09 

110.78 

0.14 

i 

1 

1 

1850 

- 

22 

29 

37.18 

109.05 

3.26 

109.19 

0.14 

1 

1900 

- 

22 

30 

3'.  29 

107. 38 

3.44 

107. 52 

0. 14 

i 

1026  j     K  Aquarii  . 

1755 

5 

22 

25 

3-379 

-f  3".  657 

—  0.561 

4-  312. 167 

—  0.510 

i 

1850 

4' 

22 

29 

59. 207 

311. 148' 

0. 511 

3".  654 

0.506 

1027 

64  Aquarii  .... 

1755 

4 

22 

26 

21.157 

+  3>7.292 

-  0. 873 

-f  317.611 

-  0. 319 

1850 

3 

22 

3' 

22. 198 

316.484 

0.827 

316.802 

0. 318 

1028 

Ul.  44337   .      . 

1850 

. 

22 

33 

1.7 

. 

-  0.475 

4-  310. 930 

•        •        • 

1 
1029  i     ^  Pegasi    .... 

'755 

5 

22 

29 

14.986 

-f  298. 820 

+  0.168 

+  298. 308 

4-  0. 512 

1850 

722 

22 

ii 

58.948 

299.002 

0.215 

298.490 

0.512 

1900 

22 

36 

28. 477 

299. 1 16 

0.242 

298,605 

0.511 

1030 

65  Acjuarii  .... 

«755 

4 

22 

30 

6.543 

-f  3>7.225 

0.865 

4-  317.286 

—  0.061 

1850 

6 

22 

35 

7.524 

3'6.425 

0.820 

316.484 

0.059 
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DECLINATIONS. 


No. 

Star. 

8» 

1^ 

• 

I 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0     /      // 

// 

n 

II 

// 

n 

1013 

50  Aquarii .... 

6.0 

1755 

—  14  45  41. 18 

+ 

1785.42 

+  - 

20.81 

+ 

1784.96 

-f  0.46 

• 

6.1 

1850 

14  17  15.80 

1804.  70 

19.78 

niiq' 

1804.23 

0.47 

1014 

TT  Aquarii .... 

5.0 

1755 

+    0    8^35.54 

+ 

1790.32 

+ 

19.43 

+" 

1790.79 

—  0.47 

0.00 

4.9 

1850 

0  37    4. 97 

1808.35 

18.54 

1808.81 

0.46 

N 

1900 

0  52  11.45 

1817.51 

18.08 

■ 

1817.97 

0.46 

1015 

B.A.C.7818    .     . 

6.S 

1755 

-  '7  58  35.75 

-f 

1789.96 

+  - 

20.82 

4- 

1792.64 

—  2.68 

6.7 

1850 

17  30    6.06 

1809.23 

19.76 

1811.83 

2.60 

1016 

53  Aquarii  .... 

6.S 

1755 

-  17  58  40.72 

+ 

1789.99 

-f  - 

20.82 

+ 

1792.68 

—  2.69 

5.8 

1850 

17  30  11.00 

1809.26 

19.76 

1811.86 

2.60 

1017 

54  Aquarii  .... 

7-5 

1755 

-  12  27  53. 35 

+ 

1794.13 

-f  : 

20.  17 

+ 

1 794. 29 

—  0. 16 

7.0 

1850 

II  59  19.97 

1812.82 

19.18 

1813.00 

0.18 

• 

1018 

B.  A.  C.  783s    .     . 

6.S 

1755 

-  14    9  35. 53 

+ 

1805. 01 

+ 

19.77 

+ 

1806.83 

—  1.82 

6.S 

1850 

'3  40  5'. 99 

1823. 30 

18.74 

1825.05 

'.75 

1019 

56  Aquarii  .... 

6.0 

1755 

—  15  49  44.83 

+ 

1803.43 

+ 

19.71 

+ 

1807. 71 

—  4.28 

6.3 

1850 

15  21     2.83 

1821.68 

18.71 

1825.94 

4.26 

1020 

a  Aquarii  .... 

5.0 

1755 

—  1 1  55  22.  76 

+ 

1806.84 

+ 

19.32 

+ 

1809. 72 

-  2.88 

5.1 

1850 

II  26  37.66 

1824.  76 

18.33 

1827. 61 

2.85 

1021 

La'.  43974  -     -     - 

6.2 

1850 

-     7  18  59. 2 

- 

- 

+ 

17.96 

-f 

1830. 22 

. 

1022 

58  Aquarii  .... 

6.0 

1755 

—  12    9    8.21 

+ 

1809.61 

-f 

19.20 

+ 

1813.55 

-  3.94 

6.7 

1850 

II  40  20.56 

1827.38 

18.21 

1831.30 

3.92 

1023 

60  Aquarii  .... 

6.5 

'755 

—    2  49  38. 08 

+ 

1819. 38 

+ 

18.09 

-f 

1823. 66 

—  4.28 

6.2 

1850 

2  20  41.65 

1836. 13 

17.18 

1840.39 

4.26 

1024 

ri  Aquarii .... 

4.0 

1755 

—     I  22  20. 10 

+ 

1822. 80 

+ 

17.78 

-f 

1828.  54 

-  5.74 

-f  0.  02 

4.1 

1850 
1900 

0  53  20. 55 
0  37  58. 83 

1839.  26 
1847.  58 

16.87 
16.39 

1844.98 
1853.29 

5.72 
57' 

1025 

226(H)Cephei.     .     . 

•             • 

1755 
1800 

-f  74  57  57.80 
75  II  48.89 

+ 

1845. 63 
1848.13 

-f 

5.59 
5.46 

+ 

1846.51 
1849. 01 

-  0.88 
0.88 

5.3 

1850 
1900 

75  27  13.62 
75  42  39. 68 

1850. 80 
1853.42 

5.31 

5- '4 

1851.69 
1854.30 

0.89 
0.88 

• 

1026 

K  Aquarii  .... 

6.0 

'755 

-    5  29    1.59 

+ 

1824.55 

-f 

17.53 

+ 

1836.  71 

— 12. 16 

5.2 

1850 

5    0    0.49 

1840.  76 

16.62 

1852. 93 

12.17 

1027 

64  Aquarii .... 

6.5 

'755 

-—  II  1 7  40. 62 

+ 

1840.03 

+ 

17.58 

+ 

1841.27 

—  '.24 

6.9 

1850 

10  48  24.81 

1856. 26 

16.60 

1857.53 

1.27 

1028 

Lai.  44337  .     -     . 

6.3 

1850 

—    4  19  56.8 

- 

+ 

16.00 

+ 

1862. 95 

.     .     . 

1029 

C  Pegasi   .... 

3-0 

1755 

+    9  33  34. 58 

+ 

1849.92 

+ 

16.04 

+ 

1851. 17 

-  '25 

+  0.02 

3.3 

1850 
1900 

10    2  59. 1 1 
10  18  33.37 

• 

1864.  75 
1872. 23 

15.19 
14.75 

[866.01 
1873.5' 

1.26 
1.28 

1030 

65  Aquarii .... 

7.0 

1755 

—  II  22  43.05 

+ 

1855.00 

+ 

16.89 

+ 

1854. 09 

+  0:9' 

7.0 

1850 

10  53  13. 34 

1870.  57 

• 

15.90 

1869.67 

0.90 
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RIGHT   ASCENSIONS. 


No. 

Star. 

• 

Number  of 
■  observations. 

Right  ascension. 
A.    m.        s. 

Centennial 
variation. 

J. 

Secular 
variation. 

Struve's 
precession. 

i  roper 
motion. 

Sec.  var. 

of  proper 

motion. 

J. 

X. 

s. 

X. 

1031 

67  Aquarii .... 

1755 

2 

22 

30 

25-  952 

-1-  314.  209 

-  0.693 

+  314.375 

-  0. 166 

1850 

9 

22 

35 

24.145 

313.572 

0.647 

313.  739 

0.167 

• 

1032 

r*  Aquarii .... 

1755 

4     22 

34 

40. 859 

-f  320.  258 

—  1.085 

+  320. 344 

0.086 

1850 

6     22 

39 

44.621 

3 '9.  251 

1.036 

319.336 

0.085 

1033 

B.A.C.  7951  (mean) 

1755 

5     22 

35 

11.492 

-f  310. 160 

-  0.  550 

-f  311.649 

-  1.489 

1850 

9  .  22 

40 

5.908 

309. 677 

0.467 

311. 178 

1. 501 

1034 

70  Aquarii  .... 

1755 

5 

22 

35 

35.215 

+  317.431 

-  0. 875 

-f  3'7.096 

+  0. 335 

1850 

15  >  22 

40 

36. 3^; 

316.621 

0.832 

316.285 

0.336 

1035 

t^  Aquarii  .... 

1755 

5     22 

36 

35.666 

+  319.532 

—  1.054 

+  319.648 

—  0. 116 

1850 

78     22 

41 

38-  754 

318. 554 

1.004 

318.673 

0. 119 

1036 

I  Cephei   .      .      .     . 

1755 

5 

22 

4' 

^'^3, 

-f  209.31 

+  2.03 

-f  210.46 

-  1. 15 

1800 

- 

22 

42 

35-72 

210. 23 

2. 10 

211.39 

1. 16 

1850 

- 

22 

44 

21. 10 

211. 31 

2.18 

212.47 

1. 16 

1900 

• 

22 

46 

7.03 

212.42 

2.27 

213.58 

1. 16 

1037 

X  Aquarii  .... 

1755 

5  1  22 

39 

49. 055 

+  3'4.i67 

—  0.691 

+  314. 158 

+  0.009 

1850 

257     22 

44 

47.209 

313.532 

0.645 

313.523 

0.009 

1900 

• 

22 

47 

23.89s 

313.216 

0.620 

313.208 

0.008 

1038 

Lai.  44734  .     .     . 

1850 

* 

22 

44 

50.5 

. 

-  0.  781 

-f  315.435 

.     .     . 

1039 

74  Aquarii  .... 

1755 

5 

22 

40 

33.396 

-f  317.516 

—  0.919 

+  3'7. 414 

-f  0. 102 

1850 

9 

22 

45 

34.629 

316.668 

0.868 

316.564 

0. 104 

1040 

75  Aquarii  .... 

1755 

3 

22 

41 

10. 652 

+  3' 7. 901 

—  0.948 

-f  317.812 

-f  0.089 

1850 

7 

22 

46 

12.238 

317.025 

0.897 

3'6.933 

0,092 

1041 

78  Aquarii  .... 

1755 

5 

22 

41 

47. 826 

+  3'3. 4'o 

-  0.659 

-f  313.686 

—  0.276 

1850 

'3 

22 

46 

45. 276 

312.809 

0.612 

313.080 

0.271 

1042 

I  Piscium             .     . 

1755 

I 

22 

42 

26.944 

-\-  307.518 

—  0.229 

-f  307. 178 

-f  0.340 

1850 

'3 

22 

47 

18.992 

307. 328 

0. 172 

306.980 

0.348 

*043 

B.A.C.  7986    .     . 

1850 

8 

22 

47 

24.084 

-f  311.632 

0.493 

+  311.397 

+  0.  235 

1044 

a  Fisds  Australis 

'755 

20 

22 

44 

3.483 

+  335. 399 

—  2.212 

-f  333- 055 

-f  2.344 

—0.009 

1850 

- 

22 

49 

21. 123 

333. 326 

2. 151 

330. 992 

2.334 

1900 

•         • 

22 

52 

7.S'9 

332. 262 

2. 106 

329. 935 

2.327 

1045 

Lai.  44872  .     .     . 

1850 

•          ■ 

22* 

49 

22.4 

. 

-  0.  392 

-f  3'o.045 

. 

1046 

RA.C.7993    -     - 

1755 

4 

22 

44 

35.694 

-f  3".3'o 

—  0.520 

+  3".  625 

-  0.315 

1850 

5 

22 

49 

31. 211 

3'o.  838 

0.474 

3". '53 

0.315 

1047 

2  Piscium 

'755 

5 

22 

46 

53.957 

+  307.  709 

—  0.  211 

-f  307. 244 

+  0.465 

1850 

5 

22 

5' 

46. 192 

307.531 

0. 164 

307.066 

0.465 

1048 

3  Piscium 

1755 

5 

22 

48 

• 
4.340 

+  307. 501 

—  0.249 

-f  307.806 

0.305 

1850 

6 

22 

52 

56. 361 

307. 287 

0.201 

307. 593 

0.306 

• 

1049 

81  Aquarii  .      .      •      . 

1755 

5 

22 

48 

38.884 

-f  312.810 

—  0.626 

-f  3'3.o25 

—  0.215 

1850 

16 

22 

53 

35.  778 

312.239 

0.577 

312.454 

0.215 
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DECLINATIONS. 


No. 


1031 


1032 


1033 


1034 


1035 


1036 


1037 


1038 
1039 

1040 
1 041 
1042 

1043 
1044 


1045 
1046 

1047 
1048 

1049 


Star. 


67  Aquarii 


r'  Aquarii  . 


B.  A.  C.  7951  (mean) 


70  Aquarii 


r'  Aquarii 


I  Cephei 


A  Aquarii 


Ul.  44734  .      . 

74  Aquarii  . 

75  Aquarii  . 
78  Aquarii  . 

I  Piscium 

B.  A.C.  7986    . 
a  Piscis  Australis 


Lai.  44872  . 
B.  A.  C.  7993 

2  Piscium 

3  Piscium 
81  Aquarii  . 


6.0 
6.4 

6.0 
5.8 

7.5 

6.7 

6.0 
6.2 

5.5  ' 

4.2  ! 

I 
4.0 

3.3 

4.0 
3.6 

6.8 

6.0 
6.0 


I 


7.5 
7.0 

6.0 
6.4 

6.0 
6.3 

5.9 

i.o 

!  1.4 

7.0 

7.5 
6.6 

6.5 
5.4 

6.0 
6.4 

6.0 
6.6 


I 


755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
800 

850 

900 

755 
850 

900 
850 

755 
850 

755 
850 

755 
850 

755 
850 

850 

755 
850 

900 
850 

755 
850 

755 
850 

755 
850 

755 
850 


Declination. 


Centennial 
variation. 


o    / 

-  8  14 

7  44 

-  15  20 
14  50 

-  5  29 
5    o 

-  II  50 
II  20 


17.37 
47." 

25.22 

44.54 

38.2s 
21.43 

33.41 
46. 43 


-f 


+ 


+ 


+ 


—  14  52  42.00 

+ 

14  22  58.  39 

-f  64  54  58.57 

+ 

65  9  3.39 

65  24  44.  28 

65  40  27.46 

-  8  52  35.  71 

+ 

8  22  35. 07 

8  6  42.  27 

-  10  51  '7.3 

- 

12  54  44.23 

+ 

12  24  46.23 

-  '3  29  4.97 

+ 

12  59  7.91 

—  8  30  0.64 

+ 

8  0  2. 16 

—  0  14  2. 76 

-f 

-f  0  16  0.27 

-  5  47  8. 24 

-f 

—  30  54  49. 81 

+ 

30  24  57.02 

30  9  8.30 

—  4  2  42. 2 

• 

—  6  6  48. 00 

+ 

5  36  38. 06 

—  0  20  20.83 

-f 

-f  0  9  47. 42 

—  I  7  26.05 

+ 

0  37  5.  29 

—  8  22  15.80 

-f 

7  51  55.70 

// 


855.66 

871.03 

866.87 
881.78 

842.07 

856.  Z1 
873. 63 

888.27 

870. 15 
884.67 

875. 27 

879. 49 
884.08 

888.60 

888.50 
902. 17 
908.99 

885.70 
899.42 

884.75 
898.36 

886.42 
899.71 

891.37 
904.33 

906. 16 

880.12 

893.99 
900.85 

898.78 
911.48 

897.26 
909.44 

910.52 
922.  50 

909.81 
921.84 


Secular 
variation. 


-f 


+ 


+ 


+ 


+ 


II 
6.67 

5.67 


6.20 
5.18 

5.48 
4.64 

5.91 
4.93 
5.80 
4.78 

+  9.45 
9.29 
9. 12 
8.94 

4.88 


+ 


+ 


4- 


Struve*s 
precession. 


+ 


-f 


-f 


+ 


+ 


-f 


+ 


3.90 
3.38 

4.00 

4.93 
3.95 

4.83 
3.82 

4.47 
3.50 

4. 10 
3.  >9 

3-35 

5.19 
4.02 

3.40 

2.90 

3.84 
2.89 

3.28 
2.36 

3.07     + 
2. 14 


3.15 
2.18 


+ 


II 

855. 17 
870. 54 

869.01 
883.92 

870. 64 
884.99 

871.89 
886.50 

875.04 
889.56 

888.50 
892.75 

^7.37 
901.91 

884.92 
898.60 
905.42 

898.75 

887.11 
900.82 

888.95 
902.58 

890.78 
904.09 

892.68 
905.62 

905.86 

897.32 
911.09 

917.91 

911. 15 

898.83 
911.54 

905.26 
917.42 

908.42 
920. 38 

910.00 
922.04 


Proper 
motion. 


II 
+  0.49 
0.49 

—  2. 14 
2. 14 

-28. 57 
28.62 

+  1.74 
1.77 

—  4.89 
4.89 

-13-23 
13.26 

13-29 
13-31 

+  3-58 
3.57 
3.57 


—  1. 41 
1.40 

—  4.20 
4.22 

—  4.36 
4.38 

—  1-31 
1.29 

+  0.30 

—17.20 
17. 10 
17.06 


—  0.05 
0.06 

—  8.00 
7.98 

-|-  2. 10 
2. 12 

—  o.  19 
0.20 


Sec,  var. 

of  proper 

motion. 


// 


—   o.  01 


-f  o.  10 
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RIGHT  ASCENSIONS. 


No. 


Star. 


1050 
1051 

1052 


«o53 
1054 

1055 
1056 

1057 
1058 

1059 

1060 

1061 
1062 

1063 

I064 

1065 

1066 

1067 

1068 


a  Pegasi 


^'  Aquarii  . 

A^  Aquarii . 

W*  22*>  1220 
^  Aquarii . 

A*  Aquarii  . 

A  Piscium 

B.  A.  C.  8065 

^  Aquarii  . 

B.  A.  C.  8094 
y>*  Aquarii  . 

X  Aquarii . 

y  Piscium 
y>'  Aquarii  . 
yr»  Aquarii  . 
96  Aquarii  . 

o  Cephei   . 


B.A.C.8017 
82  Aquarii . 


1069 


K  Piscium 


850 

755 
850 

755 
850 

900 

755 
850 

755 
850 

850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

755 
800 

850 

900 

755 
850 

900 


o   c 
^   o 


Right  ascension. 


A, 

m. 

s. 

• 

22 

53 

45.7 

5 

22 

49 

48.551 

8 

22 

54 

45.  207 

10 


5 
18 

I 

5 


5 
3 

3 
6 

5 
16 

2 
4 

5 
86 


5 
41 

5 
13 

5 
286 

5 
33 

5 
56 

5 
28 

5 


5 
250 


22 
22 
22 

22 
22 

22 
22 

22 

22 
22 

22 
22 

22 
23 
22 
23 

23 
23 

23 

23 
23 

23 
23 

23 
23 

23 
23 

23 
23 

1  23 
23 

23 
23 
23 
23 

23 
23 

i  23 


I 
6 


3 
8 

4 
9 

4 
9 

5 
10 


37. 459 
33.173 

50.8 

2.400 
1.829 

8.270 
4.321 

28.531 
23.  792 

9.410 
6.354 


6  12.  131 

1 1  9. 401 

6  41.386 

11  37.262 

8  40.33 

10  28. 32 

12  29.22 

14  3>.i3 

14  22. 520 

19  14. 616 

21  48. 343 


52  34.419 

57  17.540 

59  46.748 

52  22. 385 

57  20.342 

52  32.  744  I 
57  30.090  ! 

57  37.3    : 

53  6. 755 

58        4.  121    I 

J 

54  26.269 

59  23.631  I 

56      8. 034 

0  59.977 

56  51.730 

1  42. 762 


Centennial 
variation. 


s. 

+  312.  544 
312.004 

-I-  297.  777 
298.276 

298. 559 

+  313.935 
3>3. 349 

+  3>3.296 
312.  703 

-f  313.321 
312.  722 

+  3'3.307 
312. 727 

+  307.357 
307. 269 

+  306.394 
306.314 

+  3". 513 
3".  054 

•  •  *  • 

+  315.505 
314.881 

-I-  3". 908 
311.366 

-I-  3>o.  799 
310.813 

-f  312.885 
312.271 

+  313.236 
312.604 

+  3". 651 
3".  255 

-f  239. 12 
240. 82 
242.79 
244.84 

+  307.492 
307. 456 

307. 459 


Secular 
variation. 


Struve's 
precession. 


—  o 

—  o 
o 

-f  o 
o 
o 

—  o, 
o 

—  o 
o 

—  o 

—  o 
o 

—  o 
o 

—  o 
o 

—  o 
o 

-  o 
o 

--  o 

—  o 
o, 

—  o 
o 

—  o 

+  0 

—  o, 
o 

—  o 
o 

—  o, 
o 

+  3 
3 
4 
4 

—  o 

—  o, 
-f  o 


J. 

s. 

448 

+  310.858 

592 

-f  312.580 

544 

312.039 

498 

-f  297.405 

552 

297.904 

581 

298.  183 

639 

+  313.  165 

596 

312.574 

649 

-f  313. 192 

598 

312.  598 

122 

-f  306.  863 

656 

-f  3>3.266 

605 

312.668 

635 

-f  312.982 

585 

312.400 

118 

+  306. 483 

068 

306. 397 

109 

+  306.475 

059 

306. 395 

509 

4-  3".355 

458 

310.893 

319 

-f  309.451 

685 

-f  3>3.048 

632 

312.426 

596 

-f  312. 144 

544 

311.604 

on 

-f  305.904 

041 

305. 916 

673 

+  312.883 

619 

312.269 

692 

-f  313.015 

638 

312.383 

444 

-f  310.489 

391 

310.094 

72 

+  237.  77 

85 

239. 46 

01 

241.41 

18 

243.44 

064 

-f  307. 035 

012 

306.997 

016 

306.998 

Proper 
motion. 


X. 

•  •  • 

—  0.036 
0.035 

-f  0.372 
0.372 

0.376 

-f  0.770 
0.775 

-f-  o.  104 
o.  105 

-f  o.  055 

0.054 

+  o.  325 

0.327 

-f  o.  874 
0.872 

—  0.081 
0.081 

+  o.  158 
o.  161 

•  •  • 

■f  2.457 
2.455 

—  0.236 

0.238 

-f  4.895 
4.897 

-f-  0.002 

0.002 

-f  O.  221 
0.221 

-f    I.  162 
I.  161 

-f   1.35 
1.36 

1.38 
1.40 

-f  0.457 

0.459 
0.461 


Sec.  var. 

of  proper 

motion. 


X. 


-f-o.  001 
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DECLINATIONS. 


No. 

Star. 

Mag. 

Epoch. 

Declination. 

Centennial 
variation. 

Secular 
variation. 

Struve*s 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0   '        /' 

II 

II 

// 

// 

// 

1050 

B.A.C.8017    .     . 

6.1 

1850 

-    5  31    2.9 

- 

. 

+ 

[2.  12 

H-  1922.46 

•          •          « 

105 1 

82  Aquarii .... 

6.0 

1755 

-     7  53    o-  61 

+ 

1908.88 

+ 

[2.92 

H-  1913-08 

—  4.20 

6.4 

1850 

7  22  41.50 

1920.  70 

[I. 96 

1924. 91 

4.21 

1052 

a  Pegasi   .... 

2.0 

1755 

+  13  52  32.51 

+ 

[915.22 

+ 1 

[I.  79 

-f  1920.24 

-  5.02 

4~  0.01 

2.0 

1850 

14  23  57. 16 

[926. 01 

10.93 

1931.02 

5.01 

1900 

14  40    1.52 

i93«-37 

to.  49 

1936. 38 

5.01 

«o53 

A^  Aqnarii .... 

6.0 

«755 

-    9    0  39.11 

+ 

[921.26 

+ 1 

12.53 

-f  1919.73 

+  1.53 

5.4 

1850 

8  30    8.42 

[932. 69 

11.54 

1931. 15 

1.54 

1054 

A*  Aquarii .... 

7.5 

'755 

—    9    4  16. 84 

+ 

1920. 19 

+ 1 

12. 4* 

H-  1920. 18 

4-  o.oi 

7.4 

1850 

8  33  47. 20 

i93<-54 

[1. 46 

1931. 54 

0.00 

1055 

W«  22»»  1220     .     . 

6.6 

1850 

-f    0  29  59. 3 

- 

. 

H- 

ti.07 

+  1931.80 

. 

1056 

A^  Aquaiii ..... 

7.0 

1755 

-    9  15  13.64 

+ 

[921.07 

+  1 

12.32 

H-  1921.61 

—  0.54 

7.0 

1850 

8  44  43.21 

[932. 32 

'1. 35 

1932. 86 

0.54 

1057 

mJk*  Aquarii .... 

8.0 

1755 

—    9    0  38. 18 

+ 

[920. 29 

+  1 

[2.08 

+  1924.92 

—  4.63 

8.0 

1850 

8  30    8.61 

1931.30 

[1. 10 

1935.94 

4.64 

1058 

A  Piscium       .     .     - 

6.0 

1 755 

+    047  55.47 

+ 

[939. 65 

+  1 

11.53 

-f  1929.05 

4-10.60 

• 

5.6 

1850 

I  18  43.  20 

1950.17 

[0.61 

1939. 55 

10.62 

1059 

B.A.C.8065    .     . 

8.0 

'755 

-|-    0  49  16. 89 

+ 

[929. 20 

+  1 

11.32 

-f-  1930.80 

—  1.60 

8.0 

1850 

I   19  54.60 

1939. 52 

[0.40 

1941. 13 

1.61 

1060 

^  Aquarii .... 

5.6 

1755 

-     7  21  55.24 

+ 

[922. 43 

+  1 

to.  65 

4-  1941.68 

-19.25 

4.' 

1850 

6  51  24.28 

[932. 09 

9.68 

1951.36 

19.27 

1061 

B.A.C.8094    .     . 

5.4 

1850 

—    4  18  42.3 

• 

*         •          • 

+ 

9.34 

-f  1953.94 

- 

1062 

iff^  Aquarii .... 

5.5 

1755 

—  10  25    5.  72 

+ 

'943.  58 

+  1 

to.  60 

4-  1944.79 

—  1. 21 

4.1 

1850 

9  54  14.69 

«953-  '8 

9.58 

1954. 30 

1. 12 

• 

1063 

X,  Aquarii .... 

5.5 

1755 

—    9    3  29.02 

+ 

[943. 02 

+ 

to.  15 

+  1947. 14 

—  4.12 

5-3 

1850 

8  32  38.  71 

1952.21 

9.20 

1956. 33 

4. 12 

1064 

y  Piscium       -      -      . 

4.5 

1755 

-1-     I  56  52. 94 

+ 

[948.62 

+  ' 

to.  21 

4-  '947.84 

4.0.78 

3.6 

1850 

2  27  48.  59 

[957. 86 

9.25 

1956. 94 

0.92 

1065 

^«  Aquarii .... 

5.0 

1755 

—  10  30  56.62 

+ 

1946.99 

+  1 

to.  02 

4-  1949.27 

—  2.28 

4.2 

1850 

10    0    2.61 

1956. 03 

9.02 

1958. 30 

2.27 

1066 

fffl  Aquarii  .... 

5.0 

1755 

—  10  56  45. 49 

+ 

[950.  76 

+ 

9.82 

4-  1951.43 

—  0.67 

4.8 

1850 

10  25  48.01 

[959. 61 

8.82 

1960.26 

0.65 

1067 

96  Aquarii  .... 

6.0 

1755 

—    6  27  32.  20 

+ 

[949.99 

+ 

9.71 

4-  1952.41 

—  2.42 

5.6 

1850 

5  56  35.  50 

1958.  75 

8.73 

1961.05 

2.30 

1068 

0  Cephei  .... 

7.0 

'755 

-f  66  46  25.  74 

+ 

[958. 02 

+ 

6.95 

4-  1956.35 

4-  1.67 

1800 

67     I     7.58 

1961. 12 

6.73 

1959. 43 

1.69 

5.3 

1850 

67  17  28.96 

1964.41 

6.49 

1962. 70 

1.71 

1900 

67  33  51.96 

[967. 59 

6.23 

1965. 85 

1.74 

1069 

jc  Piscium       .     .     . 

5.5 

»755 

-    0    4  55.39 

+ 

1955.  70 

+ 

8.07 

4-  1966.86 

—II.  16 

4.7 

1850 

-f    0  26    6.03 

1962. 92 

7.13 

1974. 00 

11.08 

1900 

0  42  28. 35 

1966.35 

6.60 

1977. 43 

11.08 

*9 
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RIGHT  ASCENSIONS. 


No. 


Star. 


1070 


1071 


1072 


1073 


1074 


1075 


1076 


1077 


1078 


1079 


1080 


1081 

1082 

1083 

1084 
1085 

1086 

1087 

1088 


9  Piscium 


0  Piscium 


II  Piscium 


B.  A.  C.  8184 


12  Piscium 


13  Piscium 


14  Piscium 


15  Piscium 


16  Piscium 


(  Piscium 


y  Cephei 


^  Piscium 

19  Piscium 

20  Piscium 

B.  A.  C.  8274 

21  l^iscium 

22  Piscium 

24  Piscium 

25  Piscium 


I 


C 

o 


B 


^     Right  ascension. 


Xi 

o 


755 
850 

755 
850 

900 

755 
850 

755 
850 

755 
850 

755 
850 

755 
850 

775 
850 

755 
850 

755 
850 

900 

755 
800 

850 

900 

755 
850 

755 
850 

755 
850 

850 

755 
850 

755 
850 

755 
850 

755 
850 


5 
18 

5 
76 

5 
5 


5 

5 
3 

5 
7 

5 
5 

5 
15 

5 
612 


5 
39 


5 
-» -> 

5 
»3 

5 
7 

5 
8 


A. 
23 
23 

23 
23 
23 

23 
23 


o  !  23 
15  ]  23 

5     23 


23 

23 
23 

23 
23 

23 
23 

23 
23 

23 
23 
23 

23 
23 
23 
23 


23 


23 


4  I  23 
19  '  23 

5  23 
48  ■  23 

13  1  23 


23 
23 

23 
23 

23 
23 

23 
23 


m.        s. 

14  41.776 

19  33.798 

«5  32.957 

20  21.658 

22  53.694 

16  52.379 

21  45.029 

16  51.586 

21  46. 749 

16  56.347 

21  48.820 

19  23. 296 

24  15. 778 

21  33.033 

26  26. 295 

22  57.601 

27  48.528 

23  53-457 

28  44. 102 

27  21.461 

32  14.214 

34  48.398 

29  30. 20 

3'  15.43 

33  13.92 

35  14. 16 

29  33.033 

34  23.640 

33  52.925 

38  43.739 

35  20.775 
40  13.878 

40  49. 942 

36  55.147 

41  46. 718 

39  25.849 

44  17.191 

40  20.378 

45  J  3- 242 

40  32.322 

45  23.913 


Centennial 
variation. 


Secular 
variation. 


s. 
-f  307.417 
307. 375 

+  303.  793 
304.007 

304. 140 

+  308. 145 
307. 970 

-f  310.851 
310.550 

-f  307.940 
307. 802 

+  307.944 
307.816  \ 

-f  308.  764 
308. 639 

-f  306.  239 
306.  248 

+  305.922 
305. 970 

-f  308.039 
308.  292 

308.445 

+  232.41 

235. 29 
238.69 

242.  32 

-f  305. 866 
305. 943 

-I-  306.038 
306.209 

-f  308.601 
308. 470 

+  308.  524 

-f  306.888 
306. 956 

-f  306.  594 
306.  766 

-f  308. 344 
308.  221 

+  306. 873 
307. 01 1 


—  0.071 
0.018 

-f  0.199 
0.251 
0.280 

—  o.  211 
0.158 

—  o.  334 
0.300 

—  o.  171 
o.  119 

—  o.  162 
o.  109 

—  o.  159 
o.  106 

—  0.018 
+  o.  036 

-l-  0.024 
0.079 

-l-  0.240 

0.293 

0.320 

-f  6.23 

6.59 
7.03 

7.51 

-f  0.065 
0.097 

+  o.  153 
0.207 

—  o.  166 
o.  no 

—  0.299 

-f  0.046 
0.099 

-I-  0.155 

0.208 

—  o.  155 

0.103 

-f  o.  118 
o.  172 


Stnive's 
precession. 


Proper 
motion. 


s, 
+  307.097 
307. 054 

-f  304.  724 

304-  938 
305. 072 

+  308.367 
308. 192 

+  309.  567 
309. 255 

+  308. 035 
307. 897 

+  307.999 
307. 871 

-f  308.009 
307.886 

-f  307.010 
307. 019 

-f  306.  725 

306.  774 

-f  305-  569 
305.816 

305.968 

+  234. 38 

237.31 
240.  77 

244.46 

-f  306.  863 
306. 928 

+  306.431 
306.602 

-f  308.032 
307. 901 

-f  308. 59' 
-I-  307. 063 

307.  '32 

-|-  306.667 
306.842 

-f  307.902 
307. 777 

+  306.852 
306.998 


+  0 
o, 

—  o 
o 
o 

—  o 
o 

-f  I 

I 

—  o 
o 

—  o, 
o 

+  0 

o 

—  o 
o 

—  o 
o 

-f  2 
2 

2. 

—  I 

2 
2 
2 

—  O 
O 

—  o 
o 

o 


—  o, 
o 

—  o, 
o 

+  0 

o 

+  0 

o 


s. 

316 
321 

93 « 
93 » 
932 

222 
222 

284 
295 

095 
095 

055 
055 

755 
753 

771 
771 

803 
804 

470 
476 

477 

97 
02 

08 
14 

997 
985 

393 
393 

569 
569 

067 

*75 
176 

073 
076 

442 
444 

021 
013 


Secvar. 

of  proper 

motion. 


s. 


-f  0.006 
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DECLINATIONS. 


No. 

Star. 

Mag. 

:  Epoch. 

1 

E 

)ecIination. 

• 

Centennial 
variation. 

Secular 
variation. 

Struve's 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

0    /        f 

II 

// 

// 

II 

1070 

9  Piscium            .     . 

6.0 

*755 

— 

0  13  11.06 

+  > 

962.31 

+ 

7.97 

-f 

1967.  39 

—  5.08 

6.6 

1850 

+ 

0  17  56.60 

969.43 

7.02 

1974.  50 

5.07 

1071 

B  Piscium       .     .     - 

5.0 

1755 

+ 

5    2  11.90 

+ 1 

963.24 

+ 

7.67 

+ 

1968.85 

-5-61 

—  0.02 

4-2 

1850 

5  33  20. 29 

[970.  09 

6.76 

1975.  72 

5.63 

• 

1900 

5  49  46. 16 

1973. 35 

6.28 

1978. 99 

5.64 

1072 

II  Piscium 

6.5 

1755 

— 

3    8  11.85 

+  1 

'969.37 

+ 

7.56 

-f 

1971.04 

—  1.67 

6.4 

1850 

2  36  57.68 

1976. 10 

6.6i 

1977.  77 

1.67 

1073 

B.  A.  0.8184    .     . 

- 

1755 

— 

5  51  51.24 

+ ' 

[948. 19 

+ 

7.62 

+ 

1971.00 

—22. 8i 

6-3 

1850 

5  20  57. 15 

[954. 96 

6.65 

1977. 81 

22.85 

1074 

12  Piscium       .     .     . 

7.0 

1755 

— 

2  22  52.85 

+ ' 

1970. 14 

+ 

7.54 

+ 

1971. 15 

-r   I. 01 

6.8 

1850 

I  51  37.96 

1976. 85 

6.60 

1977. 86 

I.  01 

1075 

13  Piscium 

7.0 

1755 

— 

2  26  11.05 

+ 1 

1977. 40 

+ 

7.07 

+ 

1975-  04 

-1-2.36 

6.4 

1850 

I  54  49. 46 

[983.66 

6. 12 

1981.30 

2.36 

1076 

14  Piscium       .     .     - 

6.5 

1755 

2  35  52. 53 

+ 1 

[976. 86 

+ 

6.69 

+ 

1978.  28 

—    1.42 

5-9 

1850 

2    431-64 

1982.  76 

5-73 

1984.17 

I. 41 

1077 

15  Piscium             .     . 

7.0 

«755 

0    2  13.82 

+ 1 

[976.  23 

+ 

6.32 

+ 

1980.31 

—  4.08 

6.6 

1850 

+ 

0  29    6.31 

[981.  79 

5.38 

1985.89 

4.  10 

1078 

16  Piscium             .     . 

6.0 

«755 

+ 

0  44  42. 63 

+ 1 

[987. 19 

+ 

6.16 

H- 

1981.63 

-f-5.56 

5.8 

1850 

I  16  13.09 

[992.  59 

5.23 

1987.00 

5.59 

1079 

t  Piscium       .     .     . 

4.5 

1755 

+ 

4  18    2.35 

+ 1 

1941.  76 

+ 

5.59 

+ 

1986.13 

-44.37 

4.  0.04 

4-1 

1850 
1900 

4  48  49.  39 

5  5    3-25 

[946. 61 
[948.  79 

4.63 
4.11 

1990.94 
1993. 10 

44.33 
44.31 

1080 

y  Cephei  .... 

3-0 

1755 

-f  76  15  58.67 

+  : 

8003. 12 

+ 

3.60 

+ 

1988.72 

+14.40 

1800 

7631    0.43 

4 

8004.  71 

3.40 

1990.33 

14.38 

3-3 

1850 
1900 

76  47  43-  '9 

77  4  26.  74 

4 

8006. 34 
8007.86 

3.17 
2.92 

1991.98 
1993. 52 

14.36 
14-34 

1081 

X  Piscium 

5.0 

1755 

-f 

0  26    2.56 

+  ' 

1971.54 

+ 

5.07 

+ 

1988.76 

—17.22 

4-5 

1850 

0  57  17.67 

[975-  89 

4. 12 

1993. 14 

17.25 

1082 

19  Piscium       .     ... 

6.0 

1755 

-f 

2    745.09 

+  1 

[990.26 

+ 

4.21 

+ 

1993.44 

—  3.18 

• 

4-9 

1850 

2  39  17.60 

[993. 82 

3-28 

1997.01 

3.19 

1083 

20  Piscium       .     .     . 

5-5 

1755 

— 

4    7  19-24 

+ 

[994.  76 

+ 

3.99 

+ 

1994.86 

—  0.  10 

5-5 

1850 

3  35  42. 56 

1998.08 

3-02 

1998.18 

0. 10 

1084 

B.A.C.8274    .     . 

7.0 

1850 

— 

7  12  47. 12 

+ 

1995.44 

+ 

2.90 

+ 

1998.63 

-  3.19 

1085 

21  Piscium      .     .     . 

6.0 

1755 

— 

0  16  58.27 

+ 

1993.  54 

+ 

3-65 

+ 

1996.29 

-  2.75 

5.8. 

1850 

+ 

0  14  37.08 

1996.50 

2.62 

1999.30 

2.80 

1086 

22  Piscium            .     . 

6.0 

1755 

+ 

I  34  10.32 

+ 

1996.37 

+ 

3. '5 

+ 

1998.38 

—  2.01 

S.o 

1850 

2    5  48. 15 

1998. 92 

2.22 

2000.92 

2.00 

1087 

24  Piscium 

6.S 

1755 

— 

4  30  54. 52 

+ 

1995.59 

+ 

3.01 

+ 

1999.08 

—  3-49 

6.1 

1850 

3  59  17.50 

1997.99 

2.04 

2001.47 

3.48 

1088 

25  Piscium       .     .     . 

6.5 

1755 

+ 

0  43  44. 35 

•+ 

1997.68 

+ 

2.94 

+ 

1999.23 

-  1.55 

6.4 

1850 

I  15  23.33 

i 

2000.02 

1.99 

2001.57 

*-55 
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STANDARD  CLOCK  AND  ZODIACAL  STARS. 


RIGHT  ASCENSIONS. 


No. 

Star. 

1 

Number  of 
obserirations. 

• 
Right  ascension. 

Centennial 
variation. 

1089 

'26  Pisdum      .     .     . 

1755 
1850 

5 
14 

A. 
23 
23 

42 

47 

s, 
36.818 

27.  557 

s. 
+  305. 848 
306.242 

1090 

Groombridge  4163 

1755 
1800 

1850 

1900 

• 

23 
23 
23 
23 

43 
45 
47 
49 

10.18 
14.84 

35.30 
57.9* 

-f  275. 19 
278.81 

283.02 

287. 47 

1091 

27  Pisdum       .     .     . 

1755 
1850 

5 
56 

23 
23 

46 
50 

7.826 
59. 637 

+  307.  230 
307.118 

1092 

u  Pisdum       .     .     . 

1755 
1850 

1900 

5 
384 

•         * 

23 
23 
23 

46 

51 
54 

44.602 

36. 673 
10. 558 

+  307. 243 
307. 653 
307.890 

1093 

1^.47041  .     .     . 

1850 

• 

23 

52 

5.8 

. 

1094 

29  Pisdum       .     .     . 

1755 
1850 

5 
33 

23 
23 

49 

54 

16. 136 
8.213 

+  307. 488 
307.419 

1095 

30  Pisdum       .     .     . 

1755 
1850 

5 
28 

23 
23 

49 
54 

23. 523 
16.019 

+  308.007 
307.  786 

1096 

B.A.C.8351     .     . 

1755 
1850 

I 
5 

23 
23 

49 
54 

28. 854 
21.208 

+  307.  774 
307.717 

1097 

^  Pisdum       .     .     . 

1755 
1850 

5 
10 

23 
23 

49 
54 

59. 133 
49.857 

-f  305.  777 
306.282 

1098 

33  Pisdum       .     .     . 

1755 
1850 

5 
76 

23 
23 

52 
57 

47. 587 
39.464 

+  307. 33^^ 
307. 150 

Secular 
variation. 


J. 
-1-0.388 

0.443 

-f  7.85 
8.22 
8.66 
9. 12 

—  o.  145 
0.090 

-f  o.  403 
0.460 
0.489 

-f-  0.087 

—   O.  lOI 

0.046 

—  0.261 

0.205 

—  0.086 

0.035 
+  0.504 

0.560 

—  0.224 

0.168 


Struve*s 
precession. 


J. 

4-  305. 983 

306. 379 

-f  274,80 
278. 41 
282.62 
287.06 

-f  307. 693 
307. 577 

-f-  306.251 
306.660 
306.896 

4.  307. 267 

-f  307. 478 
307. 408 

.-f-  307.  799 
307. 579 

-f  307. 440 

307. 384 

+  306.266 
306.772 

+  307. 520 
307. 334 


Proper 
motion. 


Sec.  var. 

of  proper 

motion. 


X. 

—  o.  135 
0.137 

-f  0.39 

0.40 

.  0.40 

0.41 

—  o.  463 
0.459 

-f  0.992 

0.993 
0.994 

•         •  • 

-{-  o.oio 

O.OII 

4-  0.208 
0.207 

+  0.334 
0.333 

—  0.489 
0.490 

— -  o.  184 

0.184 


s. 


-H).ooi 


STANDARD  CLOCK  AND  ZODIACAL  STARS. 
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DECLINATIONS. 


No. 

Star. 

to 

1 

Declination. 

• 
Centennial 

variation. 

Secular 
variation. 

Struve*s 
precession. 

Proper 
motion. 

Sec.  var. 

of  proper 

motion. 

- 

0    /        /' 

// 

II 

II 

// 

// 

1089 

26  Piscium       .     .     . 

6.0 

1755 

4-    5  42  33.47 

-f  1999.06 

+ 

2.53 

-f  2000.68 

—  1.62 

* 

6.3 

1850 

6  14  13.57 

2001.01 

1.59 

2002.64 

1.63 

1090 

Groombridge  4163 

. 

1755 

-f  73    2  5«-58 

H-  2000. 15 

+ 

2.09 

-f  2001.05 

—  0.90 

1800 

73  n  5'.  84 

2001.03 

1.76 

2001.93 

0.90 

7.0 

1850 

73  34  32. 55 

2001.80 

1.38 

2002.  70 

0.90 

1900 

73  5'  13.60 

2002. 38 

0.98 

2003. 27 

0.89 

1091 

27  Piscium       .     .     . 

5.0 

"755 

—    4  54  54. 60 

-|-  1996.68 

-f 

1.84 

H-  2002. 77 

—  6.09 

« 

5.1 

1850 

4  23  17.17 

1997. 98 

0.90 

2004. 10 

6. 12 

1092 

u  Piscium       .     .     . 

4.5 

»755 

+    5  30  25. 55 

-f  1991.63 

+ 

1.74 

-h  2003. 10 

—11.47 

4.0 

1850 

6     I  58. 24           1992.84 

0.78 

2004.30 

11.46 

1900 

6  18  34.  74 

1993. 10 

0.28 

2004.56 

11.46 

1093 

Lai.  47041   .     .     . 

7.1 

1850 

-     I     6  48. 2 

•        •         •        • 

+ 

0.68 

-f  2004,45 

• 

- 

1094 

29  Piscium       .     . 

5.0 

'755 

—    4  23  28.00 

-f  2003. 13 

+ 

1.24 

-f  2004.24 

—  I.  II 

5.0 

1850 

3  51  44.61 

2003. 85 

0.29 

2004.98 

1-13 

1095 

30  Piscium       .     .     . 

4.5 

1755 

—    7  22  32.83     -f  2000.46 

+ 

1.23 

•\-  2004.33 

-3.87 

4.4 

1850 

6  so  51.99 

2001. 17 

0.27 

2005. 01 

3.84 

1096 

B.A.C.8351     .     . 

8.0 

1755 

-    4    747.72 

-f  2002.40 

+ 

1.20 

-1-  2004.34 

-  1.94 

8.0 

1850 

3  36    5.07 

2003.09 

0,24 

2005. 03 

1.94 

1097 

^  Piscium       .     .     . 

6.0 

1755 

-f    7    7  26. 14     -f  2001.49 

+ 

1.08 

+  2004. 54 

-  3.05 

5.7 

1850 

7  39    7. 90          2002. 07 

0. 14 

2005. 13 

3.06 

1098 

33  Piscium       .     .     . 

5.0 

1755 

—     7    4  42.44     -f  2014.97 

+ 

0.55 

4.  2005.50 

-f  9.47 

4.8 

1850 

6  32  48. 12          2015.04 

t 

1 

— 

0.40 

2005.54 

9.50 

• 

AUWERS*  PERIODIC  CORRECTIONS  TO  BE  APPLIED  TO  THE  POSITIONS  OF  SIRIUS 
AND  PROCYON,  ON  ACCOUNT  OF  INEQUALITY  OF  PROPER  MOTION. 


Periodic  terms  to  he  applied  to  the  position  of  Sirius. 


[P,  correction  to  the 

right  ascension 

P',  con- 

action  to  tl 

le  declinati 
IS  Majoi 

on.] 

a  Canis  Majoris. 

ix  Can 

stis — Continued. 

Year. 

Year. 

Year. 

P 

P' 

Year. 

Year. 

1 

Year. 

P 

P' 

1750.6 

1800.0 

1849.4 

J. 
-|-.  026 

// 
+  1.4'     ^ 

1775.6 

1825.0 

1874.4 

s. 

-.131 

// 
—1. 16 

—  ao 

—  6 

+  7 

—  7 

1751.6 

1801.0 

1850.4 

+. 

006 

—  20 

+  '.35 

—  7 

1776.6 

1826. 0 

1875.4 

—.124 

-f-  7 

-1.23 

—  0 

1752.6 

1802.0 

1851.4 

— , 

014 

-fl.28 

1777.6 

1827.0     1876.4 

-."7 

—1.29 

1753.6 

1803.0 

1852.4 

— . 

047 

+  '.  '9""  ^ 

1778.6 

1828. 0     1877. 4 

-.  .08+  » 

'.34     ^ 

1754.6 

1804.0 

1853.4 

— , 

-fl.09 

lU 

1779.6 

1829.0  •  1878.4 

.098+'° 

-'.38     ^ 

-15 

—  1 

IT 

+  ia 

-  4 

1755.6 

1805.0 

1854.4 

062 

+   .98 

[I 

1780.6 

1830.0     1879.4 

—.086 

■f  12 

—1.42 

—  2 

1756.6 

1806.0 

1855.4 

076 

+   .87 

1 781. 6 

1831.0 

1880.4 

-.074 

—1.44 

1757.6 

1807.0 

1856.4 

— , 

—  12 
088 

+   .76     ' 

CI 

1782.6 

1832.0     1881.4 

-.061^'^ 

-'.45 

1758.6 

1808.0 

1857.4 

—  11 
099 

+   .64     ' 

[3 

1783.6 

1833.0     1882.4 

.046+ '5 

+  I 
—1.44 

1759.6 

1809.0 

1858.4 

— , 

~io 

109 

-  9 

+   .52     ' 

[2 
[2 

1784.6 

1834.0     1883.4 

H6 
—.030 

+  x8 

+  2 
—  1.42 

+  5 

1760.6 

1810.0 

1859. 4 

118 

+   .40 

1785.6 

1835.0     1884.4 

—.012 

—  '.37 

1 761. 6 

1811.0 

1860.4 

— , 

126 

-f   .28     ' 

[2 

1786.6 

1836.0     1885.4 

+  19 
+.007 

+  7 
—  1.30 

1762.6 

1812. 0 

1861.4 

— , 

-  6 
'32 

+   . 16"' 

[2 

1787.6 

1837.0  '  1886.4 

-J-ao 
+.027 

-1.21+  ' 

1763.6 

1813.0 

1862.4 

— , 

.  138-  ' 

-f   .04"' 

[2 

1788.6 

1838.0 

1887. 4 

-J-22 
-f.049 

-i.o8+'3 

1764.6 

1814.0 

1863.4 

— , 

143"^ 

—  4 

-    .07""' 

[I 

r2 

1789.6 

1839. 0 

1888.4 

+.072-^'^ 

+  24 

—  .90 

+23 

1765.6 

1815.0 

1864.4 

— , 

'47 

—  .'9 

1790.6 

1840. 0 

1889.4 

+.096 

-.67^ 

1766.6 

1816.0 

1865. 4 

■_ 

—  a 

.149 

—  .30 

11 

1791.6 

1841.0 

1890.4 

+  24 
+.  120 

+30 
—  .37 

1767.6 

1817.0 

1866.4 

.—— 

.51-' 

—  .4' 

II 

1792.6 

1842.0 

1891.4 

+  21 
+.141 

+  .02-^^' 

1768.6 

1818.0 

1867.4 

— , 

isa-' 

-  .52 

II 

'793.6 

1843.0 

1892.4 

+.152 

+  .46-^^ 

1769.6 

1819.0 

1868.4 

— , 

,52   ° 

+ 1 

-  .63_ 

II 
10 

1794.6 

1844.0 

'893.4 

+.'47     ' 
-17 

+  .88+^' 

+29 

1770.6 

1820. 0 

1869.4 

— 

.151 

-  .73 

1795.6 

1845. 0 

1894.4 

+.'30 

+'.17. 

1771.6 

1821.0 

1870.4 

■— 

,149 

-.82-^ 

1796.6 

1846.0 

1895.4 

+.  '07-'^ 

+  «7 
+  '.34 

1772.6 

1822. 0 

1871.4 

— 

,  146+ ' 

—  10 
•92     „ 

1797.6 

1847. 0 

1896.4 

+.082-5 

+  '.43'-' 

1773.6 

1823. 0 

1872,4 

— 

.  .42^ ' 

-  8 
—  I. 00 

1798.6 

1848.0 

1897.4 

+.058"'^ 

+    3 
+  '.45 

1774.6 

1824.0 

1873.4 

— 

1-  6 

—  1.08 

-  8 

1799.6 

1849. 0 

1898.4 

+.035"'^ 
—21 

+  '.43 

-  5 

1775.6 

1825. 0 

1874. 4 

— 

•'3'+  7 

—  1.  16 

—  7 

1800.6 

1850. 0 

1899.4 

+.014 

+  1.38 

1776.6 

1826. 0 

1875.4 

— 

.    124 

^+  7 

."7^ 

-'•^3_, 

1801.6 

1851.0 

1900.4 

—.006 

.0 

+  '.3' 

1777.6 

1827. 0 

1876.4 

— 

—  1.29 

1802.6 

1852.0  '  1901.4 

—  18 
—.024 

+  1.22      ' 

+  9 

-  5 
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RIGHT  ASCENSIONS  OF   FUNDAMENTAL  STARS. 


Periodic  terms  to  he  applied  to  the  position  of  Procyon. 


a  Canis  Minoris. 


Year. 


1750.0 

I75I.O 

1752.0 

1753.0 

1754.0 

1755.0 

1756.0 

1757.0 

1758.0 

1759.0 

1760.0 

I76I.O 

1762.0 

1763.0 

1764.0 

1765.0 

1766.0 

1767.0 

1768.0 

1769.0 

1770.0 

Year. 


790.0 
791.0 
1792.0 
1793.0 
794.0 

795.0 
796.0 
797.0 
798.0 
799.0 

[800.0 
[801.0 
[802.0 
1803.0 
1804.0 

[805.0 
[806.0 
[807.0 
[808.0 
[809.0 

[810.0 


Year. 


1830.  o 
1831.0 
1832.  o 
1833. o 

1834.0 
1835.0 

1836.  o 

1837.0 
1838.0 

1839.  o 

1840.0 
I84I.O 
1842.0 

1843.0 

1844.0 
1845.0 

1846.0 
1847.0 
1848.0 

1849.0 
1850.  o 


Year. 


870.0 
871.0 
872.0 

873.0 
874.0 

875.0 
876.0 
877.0 
878.0 
879.0 

880.0 
881.0 
882.0 
883.0 
884.0 

885.0 
8^6.0 
887.0 
888.0 
889.0 

890.0 


s. 

—.045 

-•  053 
—.060 


-  8 


-  7 


—.065 
—  .068 

—.070 
—.070 
—.068 
—.065 


-  5 

-  3 


—   2 


-h  2 

+  3 
+  5 


II 

—  .80 

—  .69 

—  .55 

—  .41 

—  .25 

—  .09 
-f    .08 

+    .24 
+   .40 


—.060  +   .55 


+   7 


053 


4-  8 


-f  .68 


-.045         -f  .  80 

-f  9 
— •  036  ,  ._  +  .  90 


—.026 
—.016 


+  10 
-fxo 


+  .97 

-I-I.02 


+11 

+'4 
+t6 

4x6 

4-17 
+16 
-fi6 

+XS 
+X3 

4X2 

4xo 
4  7 
+  5 
4  3 


-.006,  „' +1.05 


+.005 
+.015 
-I-.026 


4"; 
-f-xo 

4x1 

f  lOi 


+1.05 

-I-I.02 
+   .97 


-   3 


+•  036^         +    .  90 
4  9 

+•045.^8 


-  5 

r 

-  7 


—  10 


+  -S"-.. 


a  Canis  Minoris— Continaed. 


Year. 


770.0 
771.0 
772.0 

773.0 
774.0 

775.0 
776.0 

777.0 
778.0 
779.0 

780.0 
781.0 
782.0 
783.0 
784.0 

785.0 
786.0 
787.0 
788.0 
789.0 

790.0 


Year. 


810.0 
811.0 
812.0 
813.0 
814.0 

815.0 
816.0 
817.0 
818.0 
819.0 

820.0 
821.0 
822.0 
823.0 
824.0 

825.0 
826.0 
827.0 
828.0 
829.0 

830.0 


Year. 


Year. 


850.0 
851.0 
852.0 

853.0 
854.0 

855.0 
856.0 

857.0 
858.0 
859.0 

860.0 
861.0 
862.0 
863.0 
864.0 

865.0 
866.0 
867.0 
868.0 
869.0 

870.0 


1890.0 
1891.0 
1892.0 
1893.0 
1894.0 

1895.0 
1896.0 
1897.0 
1898.0 
1899.0 

1900.0 
1901.0 
1902.0 
1903.0 
1904.0 

1905.0 
1906.0 
1907.0 
1908.0 
1909.0 

1910.0 


s, 

+.045 

+.053 
-I-.060 

+.065 

+.068 

+.070 
+.070 
+.068 
+.065 
-f-.o6o 

+.  054 
+.046 

+.037 
+.  o27_ 
+.017^ 

-I-.006 
—.005 
—.015' 


—.027 

.037' 

—.046 


// 


4  8 

4  7 

4  5 

4  3 

4  a 


+  .80 
+  .69" 
+  .55 
+  .41 
+  .25 


—II 


-X4 


-x6 


-17 


—  3 


-  3 

-  5 

-  6 


-  8 


-  9 


—  xo 


—  10 


+  .08 

-  .08 

—  .24" 

—  .40 

-  .55 

-  .68 

—  .80 

—  .90 

-  .97 
—1.02 


-x6 
-16 

-16 

I 
-«3 


—  la 


—  xo 


—II 


-  7 

-  5 
\ 

-  3 


—  II 


—  10 


—  19 


—  10 


-  9 


—1.05 
—1.05 
—1.02 

-  .97 

-  .90 

-  .80 


4  3 
4  5 
4  7 

I 

4-xo 


RIGHT  ASCENSIONS  OF  TIME  STARS  FOR  1800 


AMD 


FOR  QUINQUENNIAL  EPOCHS,  1830-1900. 
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RIGHT   ASCENSIONS   OF   TIME   STARS. 


Right  Ascensions  of  Time  Stars  for  1800  and  for  Quinquennial  Epocfis,  1 830-1 900. 


Year. 

a  Andromedoe. 

y  Pegasi. 

12  Ceti.             1 

a  Cassiopese. 

P  CeU. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

oh 

Ann.  var. 

R.  A. 

Ann.  var. 

23**;  o*» 

oh 

oh 

« 

oh 

1800  .   . 

58      4. 620 

3. 0753 

2    57.148 

3. 0749 

• 

19      50.023 

3.0605 

29 

14.615 

3.324s 

33    32.581 

3.0194 

1830  .   . 

59    36.956 

3.0806 

4    29.440 

3. 0778 

21      21.839 

3.0606 

30 

54.602 

3.34>o 

35      3. 137 

3.0176 

1835  -   - 

52. 361 

3.0815 

44.830 

3. 0783 

37.  143 

3.0606 

3> 

".3H 

3.3437 

18.224 

3.0173 

1840  .   . 

0      7. 771 

3.0824 

5      0. 223 

3.0788 

52.446 

3.0607 

28. 039 

3.  .3465 

33'  3>o 

3.0170 

1845  -   . 

23. 185 

3.0833 

15.618 

3-  0793 

2^      7. 749 

3.0607 

44.778 

3.3492 

48.395 

3.0168 

1850  .   . 

38.603 

3.0842 

31.016 

3.0798 

23. 053 

3.0007 

32 

>.53> 

3.3519 

36      3. 478 

3. 0165 

1855  .   . 

54. 026 

3.0851 

46. 416 

3.0803 

38. 357 

3.0608 

18. 298 

3. 3547 

18.560 

3. 0162 

i860  .   . 

I      9. 454 

3.0860 

6      1. 819 

3.0808 

53.661 

3.0608 

35. 078 

3.3574 

33- 640 

3.0159 

1865  .   . 

24.886 

3.0869 

1 7.  224 

3.0813 

23      8. 965 

3.0608 

51.872 

3.3602 

48.  719 

3. 0156 

1870  .   . 

40. 323 

3.0879 

32. 632 

3.0818 

24.269 

3.0609 

33 

8.680 

3. 3629 

37      3.796 

3.0154 

1875  -   - 

55.  764 

3.0888 

48.042 

3.0823 

39. 574 

3.0609 

25. 502 

3.3657 

18. 872 

3.0151 

1880  .   . 

2     II. 210 

3.0897 

7      3. 455 

3.0828 

54. 878 

3.0610 

42.337 

3.3685 

33.947 

3.0148 

1885  .   . 

26.661 

3.0906 

18. 870 

3.0833 

24    10. 183 

3.0610 

59. 187 

3.3713 

49.020 

3. 014s 

1890  .   . 

42. 116 

3.0915 

34. 288 

3.0838 

25.489 

3. 061 1 

34 

16.051 

3. 3741 

38      4.092 

3.0142 

1895  .   . 

57-  575 

3.0925 

49.  708 

3.0843 

40.794 

3.0611 

32. 928 

3.3768 

19. 163 

3.0140 

1900  .   . 

3     13.040 

3.0934 

8      5. 131 

3.0848 

56. 100 

3. 061 1 

49. 820 

3.3784 

34.232 

3.0137 

Year. 

E  Piscii 

iim. 

ft  AndroB 

nedae. 

•     B'  Ce 

li. 

17  Piscium. 

0  Piscium. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

oh 

oh;      ih 

Ih 

lb 

Ih 

1800  .   . 

52  34.573 

3.  >oi3 

58      34.585 

3.3186 

14      1. 823 

2.9955 

20 

48.  158 

3.1900 

34    50.929 

3.  '526 

1830  .   . 

•     54      7. 650 

3- J039 

0    14.276 

3. 3272 

15    31.697 

2.9960 

22 

23.921 

3.>942 

36    25.553 

3.  'SS8 

1835   - 

23.171 

3. 1043 

30.916 

3. 3287 

46. 677 

2.9961 

39.893 

3. »949 

41.333 

3-  'S63 

1840  . 

38. 693 

3.  '047 

47.  563 

3. 3301 

16      1.658 

2.9962 

55.869 

3. 1956 

57.116 

3.1568 

1845  . 

54.218 

3. 1052 

I         4.217 

3.3315 

16.639 

2.9963 

23 

11.849 

3.1963 

37     12.902 

3. «S74 

1850  . 

-     55      9. 745 

3. 1056 

20.  878 

3. 33.30 

31.621 

2.9964 

27.832 

3. 1970 

28.690 

3. '579 

1855   . 

25. 274 

3. 1060 

37.  546 

3.3344 

46.603 

2.9964 

43.819 

3. 1977 

44.481 

3. 1585 

i860  . 

40. 805 

3.1065 

54.  222 

3-  3358 

17      1.585 

2.9965 

59.809 

3.1984 

38      0. 275 

3. '590 

1865  . 

56. 339 

3.1069 

2      10. 905 

3- 3372 

16.  568 

2.9966 

24 

15.803 

3.1991 

16. 071 

3. '596 

1870  . 

.     56    11.874 

3.  «o73 

27.  594 

3. 3387 

3».552 

2.9967 

31.800 

3.1998 

31.871 

3.1601 

187s  . 

27.412 

3.  '078 

44.291 

3. 3401 

46. 535 

2.9968 

47.801 

3.2005 

47. 673 

3.1607 

1880  . 

42. 952 

3. 1082 

3      0.996 

3.3416 

18      I. 519 

2.9969 

25 

3.805 

3.2012 

39      3. 477 

3. 1612 

1885  . 

58. 494 

3.1087 

17.707 

3.3430 

16. 504 

2.9970 

19.813 

3. 2019 

19.285 

3. 1618 

1890  . 

-     57    14.039 

3. 1091 

34.426 

3.3444 

3«.489 

2.9971 

35.  824 

3.  2026 

35.095 

3.1624 

1895 

29. 585 

3.1095 

51.152 

3. 3459 

46. 475 

2.9971 

51.839 

3.  2033 

50.908 

.3.1629 

1900  . 

45- 134 

3. 1 100 

4      7.885 

3. 3473 

19      1. 461 

2.9972 

26 

7.858 

3.  2041 

40      6. 724 

3.1634 
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Might  Atceimans  of  Time  Stars  for  1800  and  for  Quitiquetmial  Epochs^  1 830-1 900— Continued. 


Year. 

fi  Arietis. 

a  Arietis. 

$'  CeU. 

$«  CeU. 

y  Ceti. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

lb 

I";     2^ 

2h 

2h 

2h 

1800  .   . 

43 

37. 197 

3. 2872 

55     55.765 

3. 3530 

2      24. 982 

3.  1638 

17    32.554 

3.  ms 

32 

57. 102 

3.095' 

1830  .   . 

45 

15.898 

3. 2927 

57    36.445 

3.3590 

3    59.947 

3. 1672 

19      7.808 

3. 1769 

34 

29.994 

3.0978 

1835  -   - 

32.364 

3. 2936 

53.242 

3.3600 

4     15.784 

3.  1678 

23.694 

3.1774 

45.484 

•3.0982 

1840  .   . 

48.834 

3- 2946 

58    10. 045 

3. 3610 

31.625 

3.1684 

39.  583 

3.1780 

35 

0.976 

3.0987 

184s  .   - 

46 

5.309 

3. 2955 

26. 852 

3. 3620 

47. 468 

3.1689 

55. 475 

3.1786 

16. 471 

3.0991 

1850  .   . 

21.789 

3.2964 

43.665 

3. 3630 

5      3.314 

3.1695 

ap    11.379 

3. 1792 

31.968 

3.0996 

1855  .   . 

38. 273 

3. 2973 

59      0. 482 

3. 3640 

19. 163 

3. 1701 

27. 276 

3.1797 

47. 467 

3.1001 

i860  .   . 

54.  761 

3.2982 

"7.305 

3. 3650 

35.015 

3.1706 

43.176 

3.1803 

36 

2.969 

3.1005 

1865  .   . 

47 

11.255 

3.2991 

34.133 

3.3661 

50.870 

3. 1712 

59.080 

3.1809 

18. 472 

3.  lOIO 

1870  .   . 

27.  753 

3.3000 

50.966 

3-  3671 

6      6. 727 

3.1718 

21    14.986 

3  1815 

33.979 

3. 1014 

1875  -   - 

44.255 

3.3009 

0      7.803 

3.3681 

22.588 

3. 1724 

30.894 

3. 1821 

49.487 

3. 1019 

1880  .   . 

48 

0.762 

3. 3018 

24.646 

3.3691 

38. 452 

3. 1730 

46.806 

3. 1826 

37 

4.998 

3.1024 

1885  .   . 

17.273 

3.3027 

41.494 

3. 3701 

54.318 

3.  1736 

22     2. 721 

3. 1832 

20.511 

3.1028 

1890  .   . 

33.789 

3. 3036 

58.347 

3-37" 

7     10. 187 

3. 1 741 

18. 638 

3. 1838 

36.026 

3. 1033 

189s  .   . 

50.309 

3. 3046 

1     15. 206 

3.3721 

26. 059 

3. 1747 

34.559 

3.  »844 

5>.544 

3. 1037 

1900  .   . 

• 

49 

6.835 

3. 3055 

32.069 

3. 3732 

41.935 

3-1753 

50.482 

3.  '850 

38 

7.064 

3.1042 

aCet 

• 

1. 

C  Ariet 

is. 

a  Pers 

ei. 

e  Eridairi. 

d  Persei. 

Year. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

•    R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

2h 

3^ 

3*^ 

3^ 

3*^ 

1800  .   . 

SI 

50.  391 

3. '2i8 

3    25.880 

3.4235 

10      7.015 

4. 2143 

23    30.955 

2.8187 

28 

43.815 

4. 2127 

1830  .   . 

53 

24.087 

3.1246 

5      8.666 

3.4288 

12     13.662 

4.2288 

24    55.540 

2. 8203 

30 

50. 385 

4. 2253 

1835  -   - 

39.  712 

3. 125 1 

25.812 

3.4297 

34.812 

4.2312 

25      9. 642 

2.8206 

3» 

12.517 

4. 2274 

1840  .   . 

55. 338 

3. 1256 

42.963 

3.4306 

55. 974 

4.  2336 

23.  746 

2.8209 

33. 659 

4.2294 

1845  -   - 

54 

10.968 

3. 1261 

6      0. 118 

3.43>5 

>3     17.149 

4.  2361 

37.851 

2.8212 

54.811 

4.2315 

1850  .   . 

26.599 

3. 1266 

17.278 

3. 4324 

38. 335 

4.  2385 

51.958 

2.8215 

32 

15.974 

4. 2336 

1855  .   . 

42.233 

3.  >27i 

34.442 

3-  4333 

59. 533 

4.2409 

26      6.066 

2.8217 

37. 147 

4. 2357 

i860  .   . 

57.870 

3. 1275 

51. 611 

3. 4341 

14    20.744 

4.243i 

20.175 

2. 8220 

58.33" 

4.2378 

1865  .   . 

55 

"3.509 

3.1280 

7      8.784 

3-  4350 

41.967 

4.2457 

34.286 

2. 8223 

33 

19. 525 

4.2398 

1870  .   . 

29. 150 

3. 1285 

25.961 

3. 4359 

15      3. 201 

4.2481 

48.398 

2. 8226 

40.  729 

4. 2419 

1875  -   . 

44.794 

3.1290 

43. «43 

3. 4368 

24.448 

4.  2505 

27      2. 511 

2. 8228 

34 

1.944 

4.2440 

1880  .   . 

56 

0.440 

3. 1295 

8      0. 329 

3.4377 

45.  707 

4. 2530 

16. 626 

2.8231 

23.169 

4.2461 

1885  .   . 

16.088 

3.1300 

i7.5>9 

3.4386 

16      6. 978 

4. 2554 

30.  743 

2.8234 

44.405 

4.  2481 

1890  .   . 

31.739 

3. 1304 

34.  7>4 

3-  4394 

28.  261 

4. 2578 

44.860 

2. 8237 

35 

5.651 

4. 2502 

1895  -   - 

47. 393 

3.1309 

51.914 

3.4403 

49.  556 

4.2602 

58. 979 

2.8240 

26.907 

4. 2523 

1900  .   . 

57 

3.049 

3. '3>4 

9      9.  "7 

3.4412 

1 7     10. 863 

4. 2626 

28    13. too 

2.8242 

48.174 

4.2543 
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Right  Ascensians  of  Time  Stars  for  iSoo  and  for  Quinquennial  EpockB^  1830-1900— Oontinued. 


Year. 

• 

1 
tf  Tauri. 

C  Persei. 

y^  Eridani. 

y  Tauri. 

e  Tauri. 

R.  A. 

Ann.  var. 

] 

^.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

1800  .   . 

35  37.298 

3.54" 

41 

3*^ 
35.521 

3.  7403 

48 

42.186 

2.7944 

4»» 
8    25.656 

3.3987 

4»» 
16    57. 301 

3.4866 

1830  .   . 

37  23.609 

3.  5464  . 

43 

27.832 

3.  7470 

50 

6.040 

2.7958 

10      7. 671 

3.4022 

18    41.953 

3.4903 

1835   .   . 

41.343 

3. 5473 

46.  570 

3.  7481 

20. 019 

2.7960 

24.683 

3.4028 

59.406 

3.4909 

1840  .   . 

59.082 

3.5481 

44 

5.3«3 

3.  7493 

34.000 

2.7963 

41.699 

3.4033 

19    16. 862 

3. 49' 5 

1845   .   . 

38  16.825 

3.5490 

24.062 

3.7504 

47.982 

2.7965 

58.717 

3.4039 

34.321 

3.492' 

1850  .   . 

34.572 

3.5499 

42.817 

3.75>5 

51 

1.965 

2.7967 

"     15.738 

3.404s 

51.783 

3.4927 

1855  .   . 

52.324 

3.5508 

45 

1.577 

3.  7526 

15.949 

2.7969 

32.762 

3.4051 

20     9.248 

3. 4933 

i860  .   . 

39  10. 080 

3.5517 

20. 343     3.  7537 

1 

29. 935 

2.  7972 

49.789 

3.4056 

26.716 

3. 4939 

1865  .   . 

27.841 

3. 5526 

39. 1 H 

3.7548 

43.92' 

2. 7974 

12      6.818 

3.4062 

44.187 

3.4945 

1870  .   . 

45.606 

3- 5535 

57.891 

3. 7559 

57.909 

2.7976' 

23.851 

3.4068 

21      1.662 

3.495' 

1875  .   . 

40    3. 375 

3. 5543 

46 

16. 674 

1  3.  7570 

52 

11.897 

2.  7979 

40.886 

3-4073 

'9. 139 

3.4957 

1880  .   . 

21. 149 

3. 5552 

35. 462 

i  3. 7581 

25.887 

2.7981 

57.924 

3.4079 

36. 619 

3.4963 

1885  -   . 

38. 927 

3. 5561 

54.255 

3.  7592 

39. 878 

2.7983 

13    14.965 

3.4085 

54.102 

3.4969 

1890  .   . 

56. 710 

3.5570 

47 

>3-  054 

!  3.7604 

53. 870 

2.7985 

32.009 

3.409' 

22    11.588 

3. 4975 

1895  .   . 

41   14. 497 

3.5579 

3».859 

3.7615 

53 

7.864 

2.7988 

49.05s 

3.4096 

29.078 

3.498' 

1900  .    . 

32. 288 

3. 5587 

50.669 

3.  7626 

21.858 

2.7990 

14      6. 105 

• 

3.4102 

46.570 

3.4987 

a  Taui 

ri. 

t  Auri] 

jae. 

u  Orio 

nis. 

a  Aurigae. 

p  Orionis. 

Year. 

• 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

1800  .   . 

4»» 
24    27. 562 

3.4281 

43 

59. 339 

3.8875 

53 

4»» 
9.103 

3.4172 

5*» 
I    56. 230 

4.4096 

5»» 
4    55.9'9 

2. 8777 

1830  -   . 

26     10. 452 

3.4312 

45 

56.031 

3.8920 

54 

51.657 

3.4197 

4      8. 597 

4.4148 

6    22. 269 

2.8789 

1835  -   - 

27.609 

3.4318 

46 

15.493 

3.8927 

55 

8.756 

3.4201 

30. 673 

4.4'57 

36.665 

2.8791 

1840  .   . 

44.769 

3. 4323 

34.959 

3.8935 

25.857 

3.4205 

52.754 

4.4'65 

51.061 

2.8793 

1845  .   - 

27      1.932 

3. 4328 

54. 428 

3.8942 

42.961 

3.4209 

5     14. 839 

4.4174 

7      5. 458 

2.8795 

1850  .   . 

19.097 

3. 4333 

47 

13.901 

3.8949 

56 

0.066 

3.4212 

36. 928 

4. 4182 

19. 856 

2.8797 

1855  .   . 

36.  265 

3. 4339 

33. 378 

3.8957 

17.173 

3.4216 

59.022 

4.4190 

34.256 

2.8799 

i860  .   . 

53. 436 

3.4344 

52. 858 

3.8964 

34.282 

3.4220 

6    21.119 

4.4'99 

48.656 

2.8801 

1865  .    . 

28     10. 609 

3.4349 

48 

12.342 

3.8971 

51.394 

3.4224 

43.221 

4.4207 

8      3-057 

2.8803 

1870  .   . 

27.  785 

3-  4354 

31.829 

3.8979 

57 

8.507 

3.4228 

7      5. 326 

4.4215 

'7. 459 

2.8805 

1875  .   . 

44.963 

3. 4359 

51.320 

3.8986 

25. 622 

3.4232 

27. 436 

4.4223 

3'.  862 

2.8807 

1880  .   . 

29      2. 144 

3. 4364 

49 

10.815 

3- 8993 

42.739 

3.4236 

49. 550 

4.4232 

46. 267 

2.8809 

1885  .   . 

19.  327 

3. 4370 

30.3*3 

3.9000 

59. 858 

3.4240 

8    11.668 

4.4240 

9      0. 672 

2. 881 1 

1890  .   . 

36.514 

3. 4375 

49.815 

3.9007 

58 

16.979 

3.4244 

33.790 

4.4248 

15. 078 

2.8813 

1895  -   . 

53.  702 

3.4380 

50 

9.321 

3.9014 

34.102 

3.4248 

55.916 

4.4256 

29.485 

2.8815 

1900  .   . 

30     10. 894 

3. 4385 

28. 830 

3.9022 

51.226 

3.4252 

9     18. 045 

4.4264 

43.893 

2.8817 
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Right  AscenHans  of  Time  Stars  far  1800  and  for  Quhiquennidl  Epochs^  1830-1900 — Gontinaed. 


Year. 

P  Tauri. 

6  Ononis. 

a  Lepoi 

ris. 

e  Ononis. 

a  Columbae. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

5»» 

5*' 

5** 

5»» 

5** 

1800  .   . 

13    39.585 

3.  7819 

21 

47. 659 

3.0599 

23    54.810 

2.6421 

26 

4.225 

3. 039' 

32 

24.575 

2.1703 

1830 

15    33- 081 

3.7845 

23 

'9. 474 

3.0611 

25    14. 085 

2. 6430 

27 

35.4'5 

3.0402 

33 

29.696 

2. 1 710 

183s  -   . 

52.005 

3.7849 

34.780 

3.0613 

27. 301 

2.6431 

50.617 

3.0404 

40.552 

2. 1 712 

1840  .   . 

16    10. 930 

3.  7853 

50.087 

3.0615 

40.517 

2.6433 

28 

5.819 

3.0406 

51.409 

2.1714 

1845  ■   ■ 

29.858 

3. 7857 

24 

5.395 

3.0617 

53.  733 

2.6434 

21.023 

3.0408 

34 

2.266 

2.1715 

1850  .   . 

48.787 

3.7861 

20.  704 

3.0619 

26     6.951 

2. 6436 

36. 227 

3. 0410 

13.124 

2. 1716 

185s  .   . 

'7      7. 719 

3.7865 

36. 014 

3.0621 

20. 169 

2. 6437 

5 '..432 

3.0411 

23.983 

2. 1718 

i860  .   . 

26. 652 

3.7869 

51.325 

3.0623 

33.388 

2.6439 

29 

6.638 

3.0413 

34.842 

2.1719 

1865  .   . 

45.588 

3.  7873 

25 

6.636 

3.0624 

46.608 

2.6440 

21.845 

3.0415 

45. 702 

2. 1 721 

1870  .   . 

18     4. 526 

3.  7877 

21.949 

3.0626 

59. 829 

2.6442 

37. 053 

3.0417 

56. 563 

2.1722 

1875  .   . 

23-  465 

3.7881 

37. 263 

3.0628 

27    13.050 

2.6443 

52. 262 

3.0418 

35 

7.424 

2. 1723 

1880  .   . 

42.407 

3.7885 

52. 577 

3.0630 

26. 272 

2.6445 

30 

7.47' 

3.0420 

18.286 

2.1725 

1885  . 

"9      1.350 

3.7889 

26 

7.893 

3.0632 

39.494 

2.6446 

22.682 

3.0422 

29. 149 

2. 1726 

F890  .   . 

20.296 

3.7893 

23.209 

3.0634 

52.  718 

2.6448 

37.893 

3.0424 

40.012 

2. 1728 

1895  .   . 

39. 243 

3.7897 

38.527 

3- 0636 

28      5.942 

2.6449 

53.106 

3.0425 

50.876 

2. 1729 

1900  .   . 

58. 193 

3.7901 

• 

53.845, 

3.0638 

19. 167 

2.6450 

3' 

8.3'9 

3.0427 

36 

I.  741 

2. 1730 

Year. 

a  Orior 

lis. 

• 

y  Orioi 

ais. 

//  Geminc 

)rum. 

y  Geminorum. 

a 

Canis  Majoris. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

5»» 

5 

h.      6h 

6b 

6»» 

6^ 

1800  .   . 

44    20. 865 

3.2445 

56 

9.150 

3.4257 

10    51. 526 

3.6317 

26 

9.326 

3.4685 

36 

20. 102 

2.6443 

1830  .   . 

45    58.212 

3. 2454 

57 

51.932 

3.4263 

12    40.477 

3.6317 

27 

53.376 

3.4682 

37 

39.427 

2.6441 

1835  -   - 

46    14.439 

3. 2455 

58 

9.064 

3.4264 

58. 636 

3.6317 

28 

10.717 

3.4681 

52.647 

2.6440 

1840  .   . 

30.667 

3. 2456 

26. 196 

3.4265 

13     16.794 

3. 63' 7 

28.057 

3.4680 

38 

5.867 

2.6440 

1845  .   . 

46.896 

3. 2458 

43. 329 

3.4266 

34.953 

3. 63' 7 

45. 397 

3.4680 

19.087 

2.6440 

1850  .   . 

47      3. 125 

3.2459 

59 

00.462 

3.4267 

53. 1" 

3.6317 

29 

02.  737 

3. 4679 

32. 307 

2.6439 

1855  .   . 

19. 355 

3.2461 

17.596 

3.4268 

14    11.269 

3.6316 

20.076 

3.4678 

45. 527 

2.6439 

i860  .   . 

35. 586 

3.2462 

34.730 

3.4269 

29.427 

3.6316 

37.4'5 

3.4678 

58.  746 

2.6439 

1865  .   . 

51.817 

3.2464 

51.864 

3.4270 

47.586 

3.6316 

54.754 

3. 4677 

39 

11.965 

2.6438 

1870  .   . 

48      8. 050 

3.2465 

0 

8.999 

3.4270 

"5      5. 743 

3.6316 

.30 

12.092 

3.4676 

25.184 

2.6438 

1875  -   - 

24.282 

3.2466 

26. 135 

3.427' 

23.901 

3. 63 '6 

29. 430 

3. 4675 

38.403 

2.6437 

1880  .   . 

40.516 

3.2468 

43. 271 

3.4272 

42.059 

3.6315 

46.768 

3. 4675 

51.622 

2.6437 

1885  .   . 

56.  750 

3.2469 

I 

0.407 

3.4273 

16      0.217 

3.6315 

3' 

4.105 

3. 4674 

40 

4.840 

2.6437 

1890  .  . 

49     12.985 

3.2470 

17.544 

3.4274 

18. 374 

3.6315 

21.442 

3. 4673 

18. 058 

2.6436 

1895  .   . 

29. 220 

3.2472 

34.681 

3.4275 

36. 53' 

3. 63 '4 

3^'  778 

3. 4672 

31.276 

2.6436 

1900  .   . 

45-457 

3.2473 

51.818 

3.4275 

54.688 

3.6314 

56.114 

3.4672 

44.494 

2.6436 
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Bight  Ascensions  of  Time  Stars  for  iSoo  and  for  Quinquennial  Epochs^  1 830-1 900— Gontinaed. 


Yeai 

e 

Canis  Majoris. 

d  Canis  Majoris. 

8  Geminorum. 

a«  Geminorum. 

a  Canis  Minoris. 

r. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

6»» 

7^ 

7»» 

7'* 

7^ 

1800 

.   .      50 

46.049 

2. 3565 

0    15. 700 

2. 4374 

8    10.019 

3.5942 

21 

48.945 

3. 8501 

28 

49.499 

3.1482 

1830 

.   .      51 

56.  750 

2.3569 

1    28. 828 

2. 4378 

9    57.816 

3- 5922 

23 

44.392 

3.8463 

30 

23. 920 

3.1466 

1835 

•   -      52 

8.535 

2.3570 

41.017 

2. 4378 

10    15.776 

3. 5919 

24 

3.622 

3.8456 

39. 653 

3.1463 

1840 

20.320 

2.3570 

53.206 

2. 4379 

33.  735 

3.  5915 

22. 849 

3.8450 

55.384 

3. 1461 

1845 

32. 105 

2. 3571 

2      5.396 

2.4380 

51.691 

3. 59" 

42.072 

3.8443 

3" 

II.  113 

3. 1458 

1850 

43.891 

2. 3572 

17.586 

2.4380 

1 1      9. 646 

3.5908 

25 

1.292 

3.8437 

26.842 

3. 1456 

1855 

55.677 

2.3572 

29.  776 

2. 4381 

27.599 

3.5904 

20.509 

3. 8430 

42.569 

3.  "453 

i860 

•  -     53 

7.463 

2. 3573 

41.967 

2.4381 

45. 550 

3.5901 

39.  722 

3.8423 

58. 295 

3. 1450 

1865 

19. 250 

2.3574 

54. 157 

2. 4382 

12      3. 500 

3.5897 

58. 932 

3.8417 

32 

14.019 

3.1448 

1870 

3>.037 

2. 3574 

3      6. 349 

2. 4382 

21.448 

3.5894 

26 

18. 139 

3.8410 

29.742 

3.1445 

1875 

42.825 

2.3575 

18.  540 

2. 4383 

39. 393 

3.5890 

37.342 

3. 8403 

45.464 

3.1442 

1880 

54.612 

2.3576 

30.  732 

2.4384 

57.337 

3.5886 

56.542 

3. 8397 

33 

1. 185 

3.1440 

1885 

■   -     54 

6.400 

2. 3577 

42.924 

2.4384 

13     15.280 

3.5883 

27 

>5  739 

3.8390 

16.904 

3. 1437 

1890 

18.189 

2.3577 

55.116 

2. 4385 

33. 220 

3.  5879 

34. 932 

3. 8383 

32. 622 

3.1434 

1895 

29. 978 

2. 3578 

4      7.308 

2. 4385 

5i.»59 

3.  5875 

54. 122 

3. 8376 

48. 338 

3. 1432 

1900 

41.  767 

2.3578 

■ 

19.  501 

2.4386 

14      9. 095 

3.  5872 

• 

28 

"3.309 

3. 8370 

34 

4.053 

3- 1429 

Yeai 

13  Gemint 

orum. 

• 
^  Geminc 

irum. 

IS  Arg 

us. 

?f  Cancri. 

e  Hydrae. 

• 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

JL  A. 

Ann.  var. 

7h 

7^ 

7h;    8». 

8h 

8»» 

1800  . 

-     33 

3.462 

3.6904 

41     14.212 

3.6914 

59      I. 710 

2.  5536 

21 

7.326 

3.4899 

36 

10.422 

3.1882 

1830  . 

-     34 

54.119 

3.6867 

43      4.899 

3.6876 

0    18.321 

2. 5538 

22 

51.966 

3.4860 

37 

46. 03s 

3.1860 

1835  ■ 

-     35 

12.551 

3.6861 

23. 336 

3. 6870 

31.091 

2. 5539 

23 

9.395 

3. 4854 

38 

1.964 

3. 1857 

1840  . 

• 

30.980 

3.6855 

41.769 

3.6863 

43.860 

2. 5539 

26. 820 

3.4847 

17.891 

3. 1853 

1845 

49. 405 

3.6848 

44      0.199 

3.6857 

56. 630 

2. 5540 

44.242 

3.4841 

33.817 

3. 1850 

1850  . 

.     36 

7.828 

3.6842 

18. 626 

3.6850 

I      9.400 

2. 5540 

24 

1. 661 

3. 4834 

38 

49. 741 

3.1846 

1855  . 

26.248 

3.6836 

37. 050 

3.6844 

22. 170 

2. 5541 

19.077 

3. 4828 

39 

5.663 

3.1843 

i860  . 

44.664 

3.6829 

55. 470 

3.6838 

34.941 

2.5541 

36.489 

3.4821 

21.584 

3. 1839 

1865  . 

-     37 

3.077 

3.6823 

45     13.887 

3.6831 

47.  7>2 

2. 5542 

53.898 

3.4815 

37. 502 

3. 1835 

1870  . 

21.487 

3.6817 

32. 301 

3. 6824 

2      0.483 

2. 5542 

25 

11.304 

3.4808 

53.419 

3. 1832 

1875  . 

39.894 

J.  6810 

50.  7>2 

3.6818 

13. 254 

2. 5543 

28.  706 

3.4802 

40 

9.334 

3.1828 

1880  . 

58.298 

3.6804 

46      9. 119 

3. 6811 

26. 026 

2. 5543 

46. 105 

3. 4795 

25. 247 

3. 1825 

188s  - 

-     38 

16.699 

3.6798 

27. 523 

3.6805 

38.  797 

2.5544 

26 

3.501 

3.4789 

41. 159 

3. 1821 

1890  . 

35.097 

3.6791 

45. 924 

3. 6798 

5>.57o 

2.5544 

20.894 

3. 4782 

57.069 

3. 1818 

1895  . 

53.49> 

3. 6785 

47      4.321 

3. 6792 

3      4. 342 

2. 5545 

38. 284 

3. 4776 

41 

12.977 

3. 1814 

1900  . 

•     39 

11.882 

3. 6778 

22.715 

3. 6785 

17. 114 

2. 5545 

55. 670 

3.4769 

28.883 

3.  i8m 
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Right  Ascensions  of  Time  Stars  for  1800  and  for  Quinquennial  Epochs^  1 830-1 900— Contiijuetl. 


Year. 

I 

Ursae  Majoris. 

X  Cancri. 

a  Hydrse. 

Q  Ursae  Majoris. 

e  Leonis. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

8»> 

8*>;     9^ 

9h 

9b 

9h 

1800  .   . 

45 

26.691 

4.1730 

56    53.985 

3. 2643 

17    45.448 

2.9504 

19 

23.885 

4.0907 

34 

28. 358 

3.4312 

1830  .   . 

47 

31.682 

4.  1597 

58    31.872 

3.2615 

19     13.953 

2.9500 

21 

26. 355 

4. 0740 

36 

II. 211 

3.4257 

1835  .   . 

52. 475 

4. 1575 

48.178 

3. 2610 

28.  703 

2. 9499 

46.  718 

4.0712 

28.  338 

3.4248 

1840  .   . 

48 

"3.257 

4. 1553 

59      4. 482 

3.2605 

43. 452 

2.9498 

22 

7.067 

4.0684 

45.460 

3.4239 

1845  -   - 

34. 028 

4.1531 

20.  783 

3.2600 

58. 201 

2. 9497 

27. 403 

4.0657 

37 

2.577 

3.4230 

1850  .   . 

54.788 

4.1509 

37.082 

3.2596 

20     12.950 

2. 9497 

47.  724 

4.0629 

19.690 

3.4221 

1855  .   . 

49 

15. 537 

4.1486 

53. 379 

3.  2591 

27.698 

2.9496 

23 

8.032 

4.0601 

36.798 

3.4212 

1860  .   . 

36. 274 

4.  1464 

0      9. 673 

3.2586 

42.446 

2.9495 

28. 325 

4.0573 

53.902 

3-4203 

1865  .   . 

57.001 

4.1442 

25.965 

3. 2582 

57. 193 

2.9495 

48.605 

4.0546 

38 

11.002 

3.4194 

1870  .   . 

50 

17.716 

4. 1420 

42.255 

3.2577 

21      11.940 

2.9494 

24 

8.871 

4.0518 

28.097 

3.4185 

1875  -   . 

38.420 

4.  1397 

58.542 

3.  2572 

26.687 

2. 9493 

29. 123 

4.0491 

45. 187 

3.4176 

1880  .   . 

59.114 

4.1375 

I     14. 827 

3.2568 

41.433 

2.9492 

49. 362 

4.0463 

39 

2.273 

3.4168 

1885  .   . 

5> 

19.  796 

4. 1353 

31.110 

3. 2563 

56.179 

2.9492 

25 

9.586 

4.0436 

19. 355 

3.4159 

1890  .   . 

40. 467 

4.1331 

47.390 

3. 2558 

22      10. 925 

2. 9491 

29.  797 

4.0408 

36. 432 

3.4150 

1895  .   . 

52 

1. 126 

4.1308 

2      3.668 

3. 2554 

25.  670 

2.9490 

49.994 

4.0380 

53.504 

3. 4141 

1900  .   . 

21.  775 

4.1286 

19.944 

3. 2549 

40.416 

2.9490 

26 

10.178 

4.0353 

40 

10. 572 

3. 4132 

Year. 

H  Leonis. 

a  Leon 

is. 

• 

y^  Leoi 

nis. 

• 
p  Leonis. 

/  Leonis. 

] 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

] 

R.  A. 

Ann.  var. 

911 

9^  J     io»> 

10** 

IO>» 

I0*> 

1800  .   . 

41 

21.668 

3. 4397 

57    42.373 

3.2096 

8    55.528 

3. 3285 

22 

16.082 

3.1715 

38 

43. 953 

3. 1659 

1830  .   . 

43 

4.769 

3. 4338 

59    18.617 

3.2066 

10    35.312 

3-  3239 

23 

51.190 

3.1690 

40 

18.891 

3.1634 

1835  -   • 

21.936 

3.4328 

34.648 

3.2061 

51.930 

3. 3231 

24 

7.034 

3.1686 

34.707 

3. 1629 

1840  .   . 

39.097 

3.4318 

50. 677 

3. 2056 

11      8.543 

3. 3223 

22.876 

2.1682 

50. 521 

3. 1625 

1845  .   . 

56. 253 

3.4308 

0      6. 704 

3. 2050 

25. 153 

3.3216 

38. 716 

3. 1678 

41 

6.332 

3.1621 

1850  .   . 

.     44 

13.405 

3.4298 

22.  728 

3.2045 

41.  759 

3.3208 

54.554 

3. 1674 

22. 142 

3. 1617 

1855  .   . 

30.  552 

3.4288 

38.  749 

3.2040 

58. 361 

3. 3201 

25 

10.390 

3. 1670 

37.949 

3. 1613 

i860  .   . 

47.693 

3.4278 

54.768 

3. 2035 

12    14.960 

3.3193 

26. 224 

3.1666 

S3.  755 

3.1609 

1865  .   . 

•     45 

4.830 

3.4269 

I     10. 784 

3. 2030 

31.554 

3.3185 

42.055 

3. 1661 

42 

9.558 

3.1605 

1870  . 

*  21.962 

3.4259 

•         26. 798 

3. 2025 

48.145 

3.3178 

57.885 

3. 1657 

25.360 

3. 1601 

1875  . 

39.089 

3.4249 

42.810 

3.2020 

13      4. 732 

3.3170 

26 

13.  713 

3. 1653 

41. 159 

3. 1597 

1880  . 

56.211 

3.4239 

58.818 

3. 2015 

21.315 

3.3163 

29. 538 

3.1649 

56. 956 

3. 1593 

1885  . 

.     46 

13.328 

3.4229 

2     14. 825 

3. 2010 

37.895 

3.3155 

45. 362 

3.1645 

43 

12. 751 

3.1588 

1890  . 

30.440 

3.4220 

30.  ^29 

3.2005 

54.470 

3.3148 

27 

1.184 

3.1641 

28. 545 

3.1584 

189s  . 

47.548 

3.4210 

46. 830 

3.2000 

14    11.042 

3. 3140 

17.004 

3. 1637 

44.336 

3.1580 

1900  . 

-     47 

4.650 

3.4200 

3      2. 829 

3.1995 

27.611 

3. 3133 

32.821 

3. 1633 

44 

0. 125 

3.1576 

3o6 
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Right  AscemUms  of  Time  Stars  far  iSoo  and  for  QuinguenniaX  Epochsj  1830-1900— Continaed. 


Year. 

a  Ursae  Majoris. 

S  Leonis. 

6  Crateris. 

r  Leonis. 

y  Leonis. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

I0*> 

Ilh 

ii»» 

ii»» 

ii»» 

1800  .   . 

51 

15.575 

3.8217 

3    27.123 

3. 2103 

9 

21.077 

2.9908 

17    38.979 

3.0881 

26    42.597 

3.0711 

1830  . 

53 

9.845 

3.7964 

5      3.371 

3.2062 

10 

50. 827 

2.9926 

19     II. 611 

3.0874 

28     14.731 

3.0711 

183s 

28.816 

3.  7922 

19.400 

3. 2055 

II 

5.791 

2.9929 

27.048 

3.0873 

30.087 

3. 071 1 

1840 

47.767 

3.7881 

35.426 

3.2048 

20.756 

2.9932 

42.484 

3- 0872 

45.443 

3.0711 

184s 

54 

6.697 

3.  7839 

51.449 

3.2042 

35-  723 

2.9935 

57.919 

3.0870 

29      0. 798 

3.0711 

1850  . 

25.606 

3-7798 

6      7.468 

3. 2035 

50.691 

2.9938 

20    13.354 

3.0869 

16. 154 

3.0712 

1855 

44.495 

3.  7756 

23.484 

3.2028 

12 

5.661 

2.9941 

28.  788 

3.0868 

31.510 

3.0712 

i860  . 

55 

3.362 

3.  7715 

39.496 

3.2022 

20. 632 

2.9944 

44.222 

3.0867 

46.866 

3.0712 

1865  . 

22.210 

3.  7674 

55. 505 

3.2015 

35.605 

2.9948 

59. 655 

3.0866 

30      2. 222 

3. 0712 

1870  . 

41.037 

3.7633 

7    11.511 

3.2008 

50.580 

2.9951 

21     15.088 

3.0865 

17.578 

3.0712 

1875 

59.843 

3.  7592 

27.514 

3.2002 

13 

5.556 

2.9954 

30.  520 

3.0864 

32.934 

3. 0712 

1880  . 

56 

18.629 

3.  7552 

43.513 

3.1995 

20.534 

2.9957 

45. 952 

3.0863 

48.290 

3. 0712 

1885  . 

37. 395 

3.  75" 

59.508 

3.1988 

35.513 

2.9960 

22      1.383 

3.0862 

31      3.646 

3. 0713 

1890  . 

56.140 

3.  7471 

8    15.501 

3.1982 

50.494 

2.9963 

16. 814 

3.0861 

19.003 

3. 0713 

1895 

57 

14.865 

3.  7430 

31.490 

3. 1975 

14 

5.476 

2.9967 

32.244 

3.0860 

34.359 

3. 0713 

1900 

33. 570 

3.7390 

47.476 

3.1968 

20. 461 

2.9970 

47. 674     3. 0859 

• 

49.  716 

3. 0713 

Year. 

fi  Leoi 

lis. 

y  Ursae  M 

ajoris. 

0  Virgin 

ius. 

• 

y  Corvi. 

Tf  Virginius. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

ii»» 

lib 

lih 

12*» 

I2*> 

1800  .   . 

38 

50.879 

3.0706 

43    14.545 

3.2214 

55 

1.029 

3.0605 

5    32. 262 

3.0695 

9    40. 627 

3.0664 

1830  . 

40 

22.963 

3.0683 

44    50.985 

3. 2079 

56 

32. 829 

3. 0595 

7    04.395 

3.0728 

II     12.629 

3.0671 

183s 

38.304 

3.0680 

45      7. 019 

3.2057 

48.126 

3. 0593 

19.760 

3. 0733 

27.965 

3.0672 

1840  . 

• 

53.642 

3.0676 

23.042 

3. 2035 

57 

3.422 

3. 0591 

35. 128 

3. 0739 

43-  301 

3.0673 

1845  . 

41 

8.980 

3.0672 

39. 053 

3. 2012 

18.717 

3.0590 

50.499 

3. 0745 

58. 638 

3.067s 

1850  . 

24.315 

3.0669 

55. 054 

3.1990 

34.012 

3.0588 

8    05.873 

3.0751 

12     13. 976 

3.0676 

185s  . 

39.648 

3.0665 

46     11.044 

3.1968 

49.306 

30587 

21.250 

3. 0756 

29. 314 

3.0677 

i860  . 

54.980 

3.0661 

27.022 

3.1946 

58 

4.599 

3. 0585 

36. 629 

3.0762 

44.653 

3.0678 

1865  . 

42 

10.309 

3.0658 

42.990 

3. 1924 

19.891 

3. 0583 

52.012 

3.0768 

59.993 

3.0680 

1870  . 

25. 637 

3-0654 

58.946 

3.1902 

35. 182 

3. 0582 

9    07.39? 

3. 0773 

13     15.333 

3.0681 

187s  . 

40.963 

3.0650 

47    14.892 

3.1880 

50. 473 

3.0580 

22.  785 

3. 0779 

30. 674 

3.0682 

1880  . 

56.288 

3.0647 

30. 827 

3. 1859 

59 

5.762 

3.0579 

38.176 

3. 0785 

46. 015 

3.0684 

1885  . 

43 

II. 610 

3.0643 

46.  751 

3. 1837 

21.051 

3.0577 

53. 570 

3.0791 

14      1.357 

3.0685 

1890  . 

1 

26.931 

3.0640 

48      2.664 

3. 1815 

36.340 

3.0576 

10    08.967 

3.0797 

16.700 

3.0686 

1895  . 

42.250 

3.0636 

18.566 

3.1794 

51.627 

3. 0574 

24.366 

3.0802 

32.044 

3.0688 

1900  . 

57. 567 

3.0633 

34.457 

3. 1772 

60 

6.914 

3. 0573 

39.769 

3.0808 

47.388 

3.0689 

RIGHT  ASCENSIONS  OF  TIME  STARS. 


307 


Right  Ascewtions  of  Time  Stars  for  1800  and  for  Quinquennial  Epochs^  1830-1900 — Coutiuued. 


1 

Year. 

1 

P  Corvi. 

a 

Canum  Venali- 
corum. 

G  Virginis. 

a  Virginis. 

1 

C  Virginis. 

1 

R.  A. 

lAnn.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

12^ 

I2h 

I2hj       13b 

,3b 

13*' 

1800  .   . 

23 

54.450 

i  3.1272 

46 

38.968 

2.8291 

59    36.462 

3.0942 

14    40.489 

3  1436 

24    30.748 

3-0475 

1830  .   . 

'  25 

28. 337 

1  3. 1320     48 

3-769' 

2.8244 

I    9. 322 

3.0965 

16     14.846 

3.1469 

26      2. 201 

3-0494 

1835  .   . 

1 

43.999 

3- 1328 

17.890 

2. 8236 

24.806 

3.0969 

30.  582 

3.  1475 

17.449 

3-0497 

1840  .   . 

j 

59.665 

3. 1336 

32.006 

2. 8229 

40. 291 

3.0972 

46.321 

3. 148 1 

32.698 

3.0500 

1845  .   . 

\  26 

>5.335 

3.  »344 

46. 118 

2.8221 

55. 778 

3.0976 

17      2.063 

3.1486 

47.949 

3-  0503 

1850  .   . 

i 

31.009 

3.  '352     49 

0.227 

2.8213 

2      11.267 

3.0980 

17.807 

3.  1492 

27      3.201 

3.0506 

1855  .   . 

■ 

46.687 

3. 1360  j 

14. 332 

2.8206 

26.  758 

3-0984 

33-  555 

3.1498 

18.455 

3-0509 

i860  .   . 

27 

2.369 

3. 1368 

1 

28. 433 

2.8198 

42.251 

3.0988 

49. 305 

3.  1503 

33.  7>o 

3.0512 

1865  .   . 

18.055 

3.1376 

42.530 

2.8191 

57.  746 

3.0992 

18      5.058 

3-1509 

48. 967 

3.0515 

1870  .   . 

33.  746 

3. 1385 

56. 624 

2. 8183 

3     13.243 

3.0996 

20. 814 

3.1515 

28      4. 226 

3-0519 

1875  .   . 

49.440 

3. 1393 

50 

10.  713 

2.8176 

28.  741 

3.  1000 

36-  573 

3. 1520 

19.486 

3-  0522 

1880  .   . 

28 

5.139 

3.  1401 

24.800 

2.8168 

44. 242     3. 1003 

1 

52.334 

3. 1526 

34.747 

3-  0525 

1885  .   . 

20.841 

3.  H09 

38.882 

2.8161 

59.  745 

3.1007 

19      8.099 

3. 1532 

50. 01 1 

3. 0528 

1890  .   . 

36. 548 

3. 141 7 

52.960 

2.8153 

4    15-250 

3. 'Oil 

23.866 

3. 1538 

29      5. 275 

3.0531 

1895  .   . 

52. 259 

3.1426     51 

7.035 

2. 8146 

30.  756 

3. 1015 

39.637 

3.  »544 

20.542 

3-  0535 

1900  .   . 

29 

7.973 

3. 1434  1 

1               1 

• 

21. 106 

2. 8139 

46. 265 

3. 1019 

55.410 

3- 1549 

35.810 

3. 0538 

Year. 

V 

Ursa  M 

ajoris.      1 

7f  Bool 

is. 

a  Boot 

is. 

0  Bootis. 

p  Bootis. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

14^ 

Ann.  var. 

R.  A. 

Ann.  var. 

12^ 

I3»» 

14'* 

I4»> 

1800  .   . 

39 

38.586 

2. 3806     45 

9.710 

2. 8572 

6    32. 601 

2.  7330 

18    23. 156 

2.0454 

23     12.458 

2.5894 

1830  .   . 

40 

49. 955 

2. 3774     46 

35.424 

2.8570 

7    54.599 

2-  7336 

19    24.511 

2.0450 

24    30.130 

2.5888 

183s  .   • 

41 

1.841 

2.3769  1 

49.709 

2.8570 

8      8. 267 

2.  7337 

34.735 

2.0449 

43. 074 

2.5887 

1840  .   . 

13.724 

2. 3763     47 

3-994 

2. 8570 

21.936 

2.  7338 

44.959 

2.0448 

56.017 

2. 58ii6 

1845  .   . 

25.604 

2. 3758  ; 

18. 279 

2. 8570 

35.605 

2.  7339 

55. «83 

2.0448 

25      8.960 

2-5885 

1850  .   . 

37.482 

2. 3753  i 

32.564 

2.8569 

49-275  , 

2.  7340 

20      5. 407 

2.0447 

21.902 

2.5884 

1855  .   . 

49.357 

2. 3748 

46.849 

2.8569 

9      2.945 

2.7341 

15.630 

2.0446 

34.844 

2.5883 

i860  .   . 

42 

1.230 

2. 3743  '  48 

1. 133 

28569 

16.616 

2.7342 

25. 853 

2.0446 

47.  785 

2.5882 

1865  .   . 

13. 100 

2.3737  i 

15.417 

2.8569 

30.288 

2.7344 

36. 076 

2.0445 

26      0. 726 

2.5881 

1870  .   . 

24.967 

2.3732  • 

29.  702 

2.8568 

43-960 

2.  7345 

46.298 

2.0444 

13.667 

2.5881 

1875  .   . 

36. 832 

2. 3727 

43.986 

2. 8568 

57.  633 

2.  7346 

56. 520 

2.0444 

26.607 

2.5880 

1880  .   . 

48.694 

2.3722  ' 

58.  270 

2.8568 

10     11.306 

2. 7347 

2 1       6.  742 

2.0443 

39. 546 

2. 5879 

1885  .   . 

43 

0.554 

2.3717     49 

12.  554 

2. 8568 

24.980 

2.  7348 

16.963 

2.0443 

52.486 

2. 5878 

1890  .   . 

12. 411 

2.3712 

26. 838 

2. 8568 

38. 654 

2.  7350 

27- 185 

2.0442 

27      5.425 

2. 5877 

1895  .   - 

24.266 

2.3707  1 

41. 121 

2. 8567 

52. 329  i 

2.735> 

t 

37. 405 

2.0441 

18.363 

2.5876 

1900  .   . 

36.118 

2.3702  1 

55. 405 

2. 8567 

II      6. 005 

2.  7352  1 

1 

47.686 

2.0441 

3».3oi 

2.5876 

21 
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RIGHT  ASCENSIONS  OF  TIME  STARS. 


Bight  Ascensions  of  Time  Stars  for  1800  and  for  Quinqtiennial  Epochs^  1 830-1 900— Gontiuaed. 


E  Bootis. 

«^  Librae. 

ft  Bootis. 

fi  Librae. 

//I  Bootis. 

Year. 

1 

R.  A. 

Ann.  var. 

1 
R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

1 
Ann.  var.  I 

H*^ 

14*^ 

14^ 

t 

IS** 

15b 

1 

1800  .   . 

36 

15. 120 

2.6215 

39 

50.321 

3. 2957 

54 

24.772 

2.2601 

6     15.763 

3. 21 13 

16    56. 209 

2.  2652 

1830  .   . 

37 

33.  762 

2.6214 

41 

29.  263 

3.3004 

55 

32.  574 

2.2601  1 

7    52.153 

3.2148 

18      4. 167 

2.2655 ; 

1835  .   . 

46.869 

2.6214 

45-  766  1 

3. 301 1 

43. 874 

2.2601  1 

8      8. 229 

3.2154 

>5.495 

2. 2655 

1840  .   . 

59. 975 

2.6214 

42 

2.274 

3-  3019 

55.»75 

2.2601 

24.307 

3.2160 

26. 823 

2. 2656 

1845  .   . 

38 

13.082 

2.6214 

18.785  1 

3. 3026 

56 

6.475 

2.2601  ; 

40.389 

3.2166 

38. 151 

2. 2656 

1850  .   , 

26.189 

1 

2.6214 

35. 301 

3. 3034 

17.775 

2.2601 

56. 473 

3.2172 

49. 479 

2. 2657 

1855  .   . 

39.296 

2.6213 

51.820 

3.3042 

29. 075 

2.2601  ' 

9    12. 560 

3.2177 

19      0.808 

2. 2658 

i860  .   . 

52.402 

2.6213 

43 

8.343 

j 

3. 3050 

40. 376 

2.2601 

28. 650 

3.2183 

12. 137 

2. 2658  : 

1 

1865  .   . 

•     39 

5.509 

2.6213 

24.870 

3. 3058 

51.676 

2.2601 

44.744 

3.2189 

23.466 

2.2659  ' 

1870  .   . 

18.616 

2.6213 

41.401 

3.3065 

57 

2.976 

2.2601 

10      0. 840 

3.  2195 

34.796 

2.2660 

1875  .   . 

3'.  723 

2.6213 

57.935 

3.  3073 

14.276 

2.2601 

16. 939 

3. 2201 

46. 126 

2.2660 

1880  .  . 

44.829 

2.6213 

44 

14. 474 

3.3081 

25. 577 

2.2601 

33.041 

3. 2207 

57.456 

2.2661 

1885  .   . 

57. 936 

2.6213 

31.016  1 

3.3089 

36. 877 

2.2601 

49. 146 

3.2213 

20      8. 787 

2.2662 

1890  .   . 

40 

11.043 

2.6213 

47. 562 

3.3096 

48.177 

2.2601 

1 1      5. 254 

3.2219 

20.118 

2.2662 

1895  .   . 

24. 149  < 

2.6214 

45 

4.  "3 

3.3*04 

59. 478 

2.2601 

21.365 

3. 2225 

3>.449 

2.2663 

1900  .   . 

37. 256 

2.6214 

20.667 

3.3112 

58 

10.  778 

2.2601 

37. 478 

3- 2231 

42.  781 

2.2664 

Year. 

a< 

Coronoe  E 

orealis. 

a  Serpentis. 

£  Serpci 

ntis. 

e  Coronse  Borealis. 

1 

8  Scorpii. 

1       R.  A. 

1 

Ann.  var. 

1 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

iS^ 

15b 

15^ 

15^ 

1800  . 

.     26 

13.416 

2.  5372 

34 

25.586 

2.9462 

40 

51.391 

2.9812 

49     18. 705 

2.4805 

48    3".9»9 

3.5244 

1830  . 

.     27 

29. 54  > 

2.  5378  1  35 

53.998 

2.9480 

42 

20. 859 

2.9832 

50    33.135 

2.4814 

50    17.723 

3.5292 

1835  - 

42.231 

2.  5380  1  36 

8.739 

2.9483 

35.  776 

2.9835 

45.  543 

2.4816 

35-371 

3.5300 

1840  . 

•  ; 

54.921 

2.  5381 

23.481 

2.9486 

50.694 

2.9839 

57.95> 

2.4817 

53. 023 

3.5308 

1845  - 

.     28 

7.612 

2. 5382 

38. 225 

2.9489 

43 

5.614 

2.9842 

51     10.360 

2.4819 

51     10.679 

3.  53'6 

1850  . 

20. 303 

2. 5383 

52.970 

2.9492 

20.  536 

2.9845 

22.  770 

2.4820 

28. 339 

3.5324 

1855  . 

.  1 

32.995 

2. 5384     37 

7.7»7 

2.9495 

35. 459 

2.9848 

35. 181 

2.4822 

46.003 

3. 5332 

i860  . 

-  1 

45.687 

2. 5386 

22. 465 

2.9498 

50.384 

2. 9852 

47. 592 

2.4823 

52      3. 671 

3.5340 

1865  . 

58.380 

2. 5387 

37.215 

2. 9501 

44 

5.3" 

2. 9855 

52      0. 004 

'  2.4825 

21.343 

3- 5348 

1870  . 

-    29 

11.074 

2. 5388  1 

51.966 

2. 9504 

20.  239 

2.9858 

12.417 

2.4826 

39. 019 

3.  5356 

1875  - 

' 

23.768 

2.  5389  '  38 

6.719 

2. 9507 

35. '69 

2.9861 

24.830 

2.4828 

56.699 

3.5364 

1880  . 

36. 463 

2.5390 

21.473 

2.9510 

50.  lOI 

2. 9865 

37. 245 

2.4829 

53    14.383 

3- 5372 

1885  . 

49. 159 

2. 5392 

36. 229 

2.9513 

45 

5.034 

2. 9868 

49.660 

2.4831 

32.071 

3.5380 

1890  . 

-     30 

1.855 

2.5393  ' 

50. 987 

2.9516 

19.969 

2.9871 

53      2. 075 

2.4832 

49.763 

3.5388 

1895  . 

14. 552 

2. 5394     39 

5.746 

2. 9520 

34.905 

2.9875 

14.492 

2.4834 

54      7. 459 

3.5396 

1900  . 

1 

27.249 

2. 5395 

20.506 

2. 9523 

49.844 

2.9878 

26.909 

2.4835 

25. 159 

3.5404 

RIGHT  ASCENSIONS  OF  TIME  STARS. 


309 


Right  Ascetmom  of  Time  Stars  for  1800  and  for  Quinquennial  Epochs^  1 830-1 900 — Coutiiiued. 


fi^  Scorpii. 

1 

6  Ophiuchi. 

r  Herculis. 

a  Scorpii. 

1 

17  Draconis. 

Year. 

1 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

i       R.  A. 

Ann.  var. 

I5»» 

1 

,5b 

1 

I6b 

I6h 

I6b 

1800  .   . 

53 

49-  770 

1  3.4680 

3    52. 628 

1  3. 1322 

13    44. 202 

1.7965 

17 

10. 056 

3.6566 

21     18.422 

0.7899 

1830  -   - 

55 

33. 875 

3. 4723 

5    26.631 

3.1347 

14    38.117 

1.7980 

18 

59. 822 

3.6612 

21    42. 199 

.7954 

1835  .   - 

51.238 

3-  4730 

j         42.306 

3. 1351 

47.  108 

1.7982 

>9 

18. 130 

3.6619 

46. 179 

.7963 

1840  .   . 

56 

8.605 

3.4737 

57.983 

3- 1355 

!          56. 100 

1 

I.  7985 

36.442 

3.6627 

50. 162 

.7972 

1845  .   . 

1 

25.976 

3.4744 

6    13.661 

3. 1359 

>5      5.093 

1.7987 

54. 757 

3.6635 

54. 151 

.7982 

1850  .   . 

43-  350 

1  3.4752 

29.342 

:  3-  '364 

14.087 

1.7990 

20 

13. 076 

1  3.6642 

58.144 

.7991 

1855  .   . 

57 

0.728 

3-  4759 

45. 025 

3-1368 

23.083 

1.7993 

31-399 

3.6650 

22      2. 142 

.8000 

i860  .   . 

18. 109 

3.4766 

1     7      0. 710 

1 

3- 1372 

32.080 

1.7995 

49-  726 

3.6657 

6.144 

.8009 

1865  .   . 

35.494 

3-  4773 

16.397 

3. 1376 

41.078 

1.7998 

21 

8.057 

3.6665 

10. 151 

.8019 

1870  .   . 

52. 882 

3.4780 

32.086 

3-1380 

50. 077 

1.8000 

26. 391 

3.6673 

14. 163 

.8028 

1875  .   . 

58 

10.  274 

3.4788 

47.  777 

3- 1384 

59. 078 

1.8003 

44.730 

3.6680 

18.179 

.8037 

1880  .   . 

27. 670 

3. 4795 

8      3-  470 

3.1388 

16      8. 080 

1 

1.8005 

22 

3.072 

3.6688 

22.200 

.8046 

1885  .   . 

45.069 

3.4802 

19. 165 

3. 1393 

17.084 

1.8008 

21.417 

3.6695 

26. 225 

.8055 

1890  .   . 

59 

2.472 

3-4809 

34.863 

3. 1397 

26. 088 

1. 8011 

39-  767 

3-  6703 

30. 255 

.8064 

1895  .   . 

19.878 

3.4816 

50.  562 

3- 1401 

35.094 

1. 8013 

58. 120 

3-6710 

34.290 

.8074 

1900  .   . 

37. 288 

3.4823 

1     9      6. 264 

3- 1405 

44.  lOI 

1. 8016 

23 

16.477 

3.6718 

38. 329 

0.8083 

Year. 

fl  Hera 

iilis. 

C  Ophiu 

chi. 

j;  Hcrci 

ilis. 

H  Ophiuchi. 

(/  Herculis. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann,  var. 

. 

l6h 

i6b 

\ 

i6h 

l6h 

l6»» 

1800  .   . 

21 

37. 649 

2.5742 

26      9. 540 

3-2911 

36      2. 778 

2. 0504 

48 

12.510 

2. 8336 

54    13.798 

2.2084 

1830  .   . 

22 

54.892 

2.5753 

27    48.315 

3-  2938 

37      4. 305 

2.0515 

49 

37. 535 

2.8349 

55    20. 064 

2.2094 

1835  .   . 

23 

7.769 

2.  5755 

28      4. 785 

3.2942 

14.  563 

2.0517 

51.710 

2.8351 

31. 112 

2.2095 

1840  .   . 

20. 646 

2. 5757 

21,258 

3.2947 

24.822 

2.0519 

50 

5.886 

2. 8353 

42.160 

2.2097 

1845  -   . 

33. 525 

2. 5759 

37.  732 

3-2952  1 

35.082 

2.0521 

20.063  . 

2. 8355 

53.208 

2.2098 

1850  .   . 

46. 405 

2.5760 

54.209 

3.2957 

45.343 

2. 0523 

34.241 

2. 8357 

56      4. 258 

2.2100 

1855  .   . 

59.286 

2. 5762 

29    10. 688 

3.2960  1 

55.605 

2. 0525 

48.420 

2. 8359 

15.308 

2.2102 

i860  .   . 

24 

12. 167 

2.5764 

27. 169 

3. 2965* 

38      5.868 

2. 0526 

51 

2.600 

2. 8362 

26.360 

2. 2103 

1865  .   . 

25. 050 

2.5766 

43. 653 

3.2969  j 

16. 131 

2. 0528 

16.  782 

2.8364 

37.412 

2. 2105 

1870  .   . 

37. 933 

2.5768 

30      0. 138 

3. 2973 

26.396 

2. 0530 

30.964 

2.8366 

48. 465 

2.2107 

1875  .   . 

50.817 

2.5769 

16.626 

3. 2978 

36.662 

2. 0532 

45. 148 

2. 8368 

59.518 

2.2108 

1880  .   . 

25 

3-703 

2.5771 

33.116 

3.2982 

46. 928 

2. 0534 

59. 332 

2. 8370 

57    10.573 

2. 21 10 

1885  .   . 

16.589 

2.5773 

49.608 

3.2987 

57.196 

2. 0536 

52 

13.518 

2. 8373 

21.628 

2. 211 1 

1890  .   . 

29. 476 

2. 5775 

31       6. 103 

3.2991 

39      7. 464 

2. 0538 

27.705 

2. 8375 

32.684 

2. 2113 

1895   .   - 

42. 364 

2.5777 

22.599 

3-2995 

17-733 

2. 0540 

• 

41.893 

2. 8377 

43.  741 

2.2115 

1900  .   . 

1 

55.252 

2.5779 

39.098 

3.3000 

28.004 

2.0542 

56.082 

2. 8379 

54.799 

3.2116 

3IO 


RIGHT  ASCENSIONS  OF  TIME   STARS. 


Right  Ascensions  of  Time  Stars  for  1800  and  for  Quinquennial  Epochs^  1 830-1 900 — Continued. 


a^  Herculis. 


d  Ophiuclii. 


Year. 


R.  A. 


Ann.  var.' 


R.  A.       lAnn.  var. 


1800 
1830 

1835 
1840 

1845 
1850 

1855 

i860 

1865 
1870 

1875 
1880 

1885 
1890 
1895 
1900 


5  32.029 

6  53.956 

7  7.614 
21.273 


2.  7304 

2.  7314 
2.  7316 

2.  7318 


8 


34. 932  2.  7320 

48.592  :  2.7321 

2. 253  I  2.  7323 

15.915  '  2.7325 

29. 578 


10 


43.242 
56.906 
10. 572 

24. 238 

37.905 

51-573 
5.242 


2.  7327 
2. 7328 

2. 7330 
2.  7332 

2.  7333 
2.  7335 
2.  7337 
2.  7339 


14  10. 128 

15  59.73> 

16  18.005 

36.  281 

54.558 

17  12.838 

31. 119 
49. 403 

18  7.688 

25. 975 
44.264 

19  2. 554 
20. 847 

39. 141 
57.437 

20  15.735 


3. 6522 
3. 6546 
3. 6550 
3-  6553 

3.6557 
3. 6561 
3. 6565 
3. 6568 

3.6572 
3.6576 
3.6580 

3. 6583 

3. 6587 
3- 6590 
3.6594 
3.6598 


ft  Draconis. 


R.  A. 


Ann.  var. 


a  Ophiuchi. 


//  Herculis. 


R.  A.        Ann.  var. 


R.  A.        Ann.  var. 


25  55.274 

26  35.  760 

42.512 
49.  265 

56.  020 

27  2.  776 

9.533 
16.  292 

23.  052 
29.813 

36.576 

43. 339 

50. 104 

56. 871 

28      3. 638 

10.407 


I 


3487 

3503 
3506 

3508 

35" 

3513 
35>6 

3519 

3521 
3524 
3526 

3529 

3531 
3534 
3536 
3539 


25 
27 


28 


29 


30 


39. 377 
2.788 

16.692 
30.598 

44.504 
58. 41  > 
12.319 
26. 228 

40.138 

54.049 
7.960 

21.872 

35.  785 
49.699 

3.614 
17.530 


2.7798 
2.7809 
2.  7810 
2.  7812 

2.  7814 
2.7815 
2.7817 
2.  7819 

2.  7820 
2.  7822 
2.7824 
2.  7825 

2. 7827 
2.  7829 
2.  7830 
2.  7832 


38 

39 
40 


41 


42 


38. 219 

48.524 

0.245 

11.967 

23.690 

35-  414 

47. 139 
58.865 

10. 591 
22.319 

34.047 
45-  777 

57. 507 

9.239 

20. 971 

32.704 


2.3429 
2.3441 
2.3443 
2.3445 

2.3447 
2.3449 
2.3451 
2.3452 

2.3454 
2.3456 
2.3458 
2.3460 

2.3462 

2.3464 
2.3466 

2.3467 


Year. 

y  Draconis. 

y^  Sagittarii.         | 

M  Sagitt 

arii. 

17  Serpei 

itis. 

I  AquUae. 

' 

-    - 

R.  A.       1 

Ann.  var. 

] 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

] 

R.  A, 

Ann.  var. 

i7»» 

lyh 

1 

i8'» 

i8t> 

i8»> 

1800  .   . 

51    58.008 

1.3886 

52 

57.951 

3.8491  ' 

I    48.346 

3.  5856 

10    57.941 

3.1005 

24 

19.468 

3.2644 

1830  . 

52    39.681 

1.3896 

54 

53. 439 

3.8500 

3    35.919 

3.5860 

12    30.969 

3. 1012 

25 

57.401 

3.2645 

1835  - 

46. 629 

1.3897 

55 

12.690 

3.8502 

53. 849 

3.5860 

46. 475 

3- 1013 

26 

"3.724 

3.2645 

1840  . 

53.578 

1.3899 

31.941 

3. 8503 

4     ".779 

3.5861 

13      '.982 

3. 1014 

30.046 

3.2645 

1845   • 

53      0. 528 

I. 3901 

5>.  >93 

3. 8504 

29.  710 

3.5862 

17.489 

3. 1015 

46.368 

3.2645 

1850  . 

7.479 

1.3902 

56 

10.445 

3. 8505 

47.641 

3.5862 

32.997 

3. 1016 

27 

2.691 

3.2645 

1855   . 

14.431 

1.3904 

29.698 

3. 8507 

5      5. 572 

3.5863 

48.505 

3.1017 

19.014 

3.2645 

i860  . 

21.382 

1.3906 

48. 952 

3.8508 

23. 504 

3.5863 

14      4. 014 

3. 1018 

35. 336 

3.2645 

1865   . 

28. 336 

1.3907 

57 

8.206 

3. 8509. 

41.435 

3.5864 

>9.  523 

3. 1019 

51.659 

3.2645 

1870  . 

35.290 

1.3909 

27. 461 

3.8510 

59. 367 

3.5864 

35-  033 

3. 1020 

28 

7.981 

3.2645 

1875 

42.245 

I.  3910 

1 

46.717 

3.8512 

6     1 7. 300 

3. 5865 

50. 543 

3. 102 1 

24.304 

3.2645 

1880  . 

49. 200 

1. 3912 

!58 

5.973 

3.8513 

35.  232 

3.5865 

15      6.053 

3.1022 

40.627 

3.2645 

1885 

56. 157 

1.3914 

25. 229 

3.8514 

53. 165 

3.5866 

21.564 

3.1022 

56.949 

3.2645 

1890 

54      3. '  H 

I.  3915 

44.487 

3.8515 

7     11.098 

3.5866 

1          37.076 

3. 1023 

29 

13. 272 

3.2645 

1895 

10. 072 

1. 3917 

i  59 

3-744 

3.8516 

29.031 

3.5866 

52. 588 

3.1024 

29.595 

3.2645 

1900 

17.031 

1.3918 

1 

23.003 

3.8517 

46.964 

3.5867 

'  16      8. 100 

1 

3.1025 

45.917 

3.2645 
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Right  Ascensions  of  Time  Stars  for  1800  and  for  QiUnqtLennial  Epochs j  1 830-1 900 — Continued. 


Year. 


1800 
1830 

1835 
1840 

1845 
1850 
1855 
i860 

1865 
1870 

1875 
1880 

1885 
1890 
1895 
1900 


a  Lyrae. 


/?  Lyrae. 


R.  A. 


Ann.  van!       R.  A.       lAnn.  var. 


i8b 

30  10. 089 

31  11.005 
21. 159 

31.313 

41.467 
51.621 

32  1. 776 

ii.93> 

22.086 
32.  241 

42.397 
52. 553 


2. 0304 
2. 0307 

2. 0307 

2. 0308 

2.0308 
2.0309 
2.0310 

2. 0310 

2. 031 1 
2. 031 1 
2.0312 
2.0312 


33      2.709  2.0313 

12.865  2.0313 

23.022  !  2.0314 

33-179  I  2.0314 


i8h         I 

42  41.917  I 

43  48.310  I 

59.377  1 

44  10.444 

21.512  I 

32. 580 ; 
43.648 , 

54.7171 

45  5. 786 1 

16.856 ; 
27.925 1 
38.996  i 

50.066 

46  1. 137 1 
12.208  i 
23.280 


d  Sagittarii. 


R.  A.        Ann.  var. 


2.2129 
2.2133 
2.2134 
2.2135 

2.2136 
2.2136 
2.2137 
2.2138 

2.2139 

2.2139 

2.2140 

2. 2141 

i 
2.  2141  , 

2.2142 

2.2143 

2.  2144 


l8h 

42  5i.5'5  3.7261 

44  43- 278  3. 7247 

45  ".901  ,  3.7245 
20.522  I  3.7242 


46 


47 


48 


49 


39. 143 
57.  762 
16.380 

34.997 

53-612 
12. 226 

30-  839 
49. 450 

8.060 
26.669 

45-277 
3.883 


3-  7240 
3-  7237 
3.  7235 
3-  7232 

3.  7229 

3.  7227 
3-7224 
3-  7222 

3.  7219 
3.  7216 

3-  7214 
3.  721 1 


C  Aquilae. 


(/  Sagittariil 


R.  A.   lAnn.  var.    R.  A.   lAnn.  var. 


i8i';  19^  I 

56  13- 163  I 

57  35-859  I 

49-643  I 

58  3-426  I 

17.210 

I 

30-993  I 

44.  777  ' 

58. 560  ' 
I 

59  12.344  I 

26. 128  I 

.  39.912  I 

53.696  I 

o   7.481  I 
21.265  ] 

35-049  I 
48. 834  I 


2.  7565 
2.7566 

2.  7567 

2.  7567 

2.  7567 
2.  7567 
2.  7567 
2.  7568 

2.  7568 
2.  7568 
2.7568 
2.  7568 

2.7569 

2.7569 
2.7569 

2.7569 


5 
7 

8 


10 


II 


I9h 

55.579 

41.081 

58.660 
16. 237 

33-  813 

51.387 
8.960 

26.531 

44. 100 
1.669 

19. 235 
36.800 

54.364 
11.926 

29.486 
47. 045 


3.5176 
3.5>59 
3.5156 
3.5«53 

3.5150 
3-5147 
3-5>44 
3.514' 

3.5138 
3-5135 
3.5>32 
3.5129 

3.5126 

3-5123 

3-5"9 
3.5116 


Year. 


1800 
1830 

'835 
1840 

1845 
1850 

1855 
i860 

1865 
1870 

1875 
1880 

1885 
1890 
1895 
1900 


d  Aquilse. 


R.  A. 


'5 
16 

17 


19^ 
24.783 

55.  581 
10.  712 

25. 843 


Ann.  var. 


40. 974 
56.  104 

18  11.234 
26. 363 

41.492 
56. 620 

19  11.748 
26. 875 

42.002 
57. 128 

20  12. 254 
27.380 


3.0268 
3. 0263 
3. 0262 
3. 0261 

3. 0261 
3.0260 

3. 0259 
3-  0258 

3.0257 
3-  0256 
3-  0255 
3. 0254 

3. 0253 
3-  0252 
3-0251 
3.0251 


X  Aquilae. 


R.  A. 


26 

27 
28 


19b 
7.626 

44.591 


y  AquiUe. 


a  Aquilae. 


Ann.  var.        R.  A.        Ann.  var.'        R.  A. 


29 


30 


31 


33'  059 

49-213 

5-366 

21.517 

37.668 

53.817 
9.966 

26.113 

42.  259 
58. 404 

14-548 
30.691 


3.  2328 
3.2315 


0.748  I  3.23»3 
16.904 


36 
38 


3. 231 1 

3-2309 
3. 2307 
3.2304 
3-  2302 

3.2300 
3- 2298 
3. 2296 
3-  2293 

3. 2291 
3.2289 
3-  2287 
3. 2284 


39 


40 


41 


19" 
45.066 

10.657 

24.921 

39. 185 

53-448 

7.712 

21.975 

36. 238 

50.500 

4.763 
19. 025 

33'  287 

47. 548 

1. 810 

16.071 

30. 331 


Ann.  var. 


2. 8532 
2. 8529 
2. 8528 
2. 8528 

2. 8527 
2. 8557 
2. 8526 
2. 8526 

2. 8525 
2. 8524 
2. 8524 
2. 8523 

2. 8523 
2. 8522 
2. 8522 
2.8521 


41 
42 


43 


44 


45 


19b 

1.425 
29.296 

43. 939 
58.  582 

13. 225 
27. 867 
42.508 

57. 150 

II.  790 
26. 430 
41.070 
55.710 

10.  349 

24.987 
39. 625 
54-  262 


2. 9293 
2. 9287 
2.9286 
2. 92S6 

2. 9285 
2.9284 
2. 9283 
2. 9282 

2. 9281 
2.9280 
2.9279 
2. 9278 

2.9277 
2.9276 
2.9275 
2. 9274 


fi  Aquilse. 


R.  A.        Ann.  var 


19b 

45  29. 308 

46  57-752 

47  12. 492 
27.231 

41.970 
56.708 

48  11.446 
26. 184 

40.921 

55. 658 

49  10. 394 

25. I3> 

39.866 
54.602 

50  9. 337 
24.072 


2.9483 
2.9479 
2.9479 
2.9478 

2.9477 
2.9476 

2.9476. 

2.9475 

2.9474 

2.9473 

2.9473 
2.9472 

2.9471 
2.9471 
2.9470 
2.9469 
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Bight  Ascensions  of  Time  Stars  for  1800  and  for  Quinquennial  Epochs^  1 830-1  Qoo^Ooutinued. 


Year. 

r  Aquilre. 

a'  Capricorni. 

r  Cygni. 

n  Capricorni. 

£  Delphini. 

1               1 

■ 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

i        K..  A. 

lAnn.  var. 

R.  A. 

1 

Ann.  var.: 

19b 

20*» 

20*> 

20*» 

1 

20*> 

1 
1 

1800  .   . 

54 

21.975 

2.9349 

'    6    56.844 

3-  3397 

1    15        3.177 

2. 1520 

,  15  51.493 

3.4499 

23      39.394 

:  2.8683 

1830  . 

•     55 

50. 01 1 

2.9343 

1    8    36.999 

3. 3372 

16        7.  747 

2. 1526 

1  17  34.935 

3.4464 

25        5. 438 

2.8679 

1835  . 

.     56 

4.682 

2.9342 

53.684 

33368 

18.510 

2. 1527 

52. 166 

3.4458 

19. 777 

2.8679 

1840  .   . 

19. 353 

2. 9341 

9     10. 367 

3.3364 

29.  274 

2.  1528 

18    9.393 

3.4452 

34.116 

2.8678 

1845  . 

34.023 

2. 9340 

27.048 

3.3360 

40.  038 

2. 1529 

26.618 

3-4447 

48.455 

2.8677 

1850  .  . 

48.692 

2. 9339 

43.  726 

3. 3355 

50.803 

2.  1530 

43.840 

3.4441 

26      2. 794 

2.8677 

1855  . 

■     57 

3.361 

2. 9338 

10      0. 403 

3.3351 

17         1.568 

2. 1531 

1  19      I.Q59 

3.4435 

17.132 

2.8676 

i860  .   . 

18. 030 

2. 9337 

17.078 

3.3347 

12.334 

2. 1532 

18.275 

3.4429 

3'.  470 

2.8675 

1865  .   . 

32.698 

2. 9336 

33.  750 

3.3343 

23.  100 

2. 1533 

35.488 

3.4424 

45.808 

2.8675 

1870  .  , 

47. 365 

2. 9335 

'          50. 421 

3. 3339 

33.866 

2.1534 

52.699 

i  3.4418 

27      0. 145 

2.8674 

1875  .  , 

.     58 

2.032 

2.9334 

II       7.090 

3. 3334 

44.633 

2. 1535 

20     9.906 

3.4412 

14.482 

2.8674 

1880  .  . 

16.699 

2. 9333 

1          23. 756 

1  3.3330 

1 

55. 401 

2. 1536 

1        27.  Ill 

1 

3.4406 

28. 819 

2.8673 

1885  .   . 

31.365 

2. 9332 

40.420 

3. 3326 

18      6. 169 

2. 1537 

44.313 

3.4400 

43. 155 

2.8672 

1890  .   . 

46. 030 

2.9331 

57.082 

3. 3322 

!          16. 937 

2. 1537 

i   21         I.  512 

3.4395 

57.492 

2.8672 

1895  .   , 

•     59 

0.695 

2. 9330 

12     13. 742 

3.3317 

27.  706 

2. 1538 

1              18.  708 

3.4389 

28    11.827 

2.8671 

1900  .  . 

15.360 

2. 9329 

30.400 

3. 3313 

38.476 

2. 1539 

35.901 

3. 4383 

26. 163 

2.8671 

Year. 

aCygi 

ni. 

/i  Aqua 

•  • 

ni. 

y  Cygi 

ni. 

61  Cygni  (pr). 

C  Cygni. 

] 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

1 

R.  A. 

Ann.  var. 

20^ 

20*> 

20»» 

20*";      21*' 

2I*> 

1800  .   . 

34 

37. 034 

2.0424 

41      51.342 

3. 2472 

49    43.410 

2.2308 

57    56.643 

2. 6795 

4    25.934 

2.5461 

1830  .   . 

35 

38.316 

2.0431 

43    28.  720 

3.2447 

50    50.352 

2.2319 

59     17.046 

2.6807 

5    42.337 

2.5473 

1835  .   . 

48.  532 

2.0432 

44.943 

3.2443 

51       I. 512 

2.2321 

30. 450 

2.6809 

55. 074 

2. 5475 

1840  .   . 

58.748 

2. 0433 

44       1. 163 

3. 2439 

12.673 

2. 2323 

43. 855 

2. 681 1 

6      7.812 

2. 5477 

1845  .   . 

36 

8.965 

2.0434 

17.382 

3.2435 

23. 835 

2. 2325 

57.261 

2.6813  ■ 

20.551 

2.5479 

1850  .   . 

19. 182 

2.0435 

33.598 

3. 2431 

34.998 

2. 2327 

0    10.668 

2.6815 

33. 291 

2.5481 

1855  .   . 

29.399 

2. 0436 

49. 812 

3.2427 

46. 162 

2. 2329 

24.076 

2.6817 

46.032 

2.5483 

i860  .   . 

39.618 

2. 0437 

45      6. 025 

3.  2422 

57.327 

2. 2330 

37.485 

2.6819 

58.  774 

2.5485 

1865  .   . 

49. 836 

2. 0438 

22. 235 

3.  2418 

52      8. 492 

2.  2332 

50.896 

2.6822  1 

7    ".517 

2.5487 

1870  .  . 

37 

0.056 

2. 0439 

38.443 

3.2414 

19.659 

2.2334 

I      4. 307 

2.6824 

24.260 

2.5489 

1875  .   . 

10. 276 

2.0440 

54. 649 

3.  2410 

30. 826 

2. 2336 

17.719 

2.6826 

37.005 

2. 5491 

1880  .   . 

20.496 

2.0441 

46     10.853 

3.2406 

41.995 

2. 2338 

31. 133 

2.6828 

49.751 

2.5492 

1885  .   . 

30.717 

2.0443 

27.055 

3.2402 

53. 164 

2.  2340 

44.547 

2.6830 

8      2.498 

2.5494 

1890  .  . 

40. 939 

2.0444 

43. 255 

3.2398 

53      4. 334 

2.2342 

57.963 

2.6832 

1 

15.245 

2.5496 

1895  .  . 

1 

51. 161 

2.0445 

59. 453 

3.2394 

15.506 

2.2343 

2     11.379 

2.6834 

27.994 

2.5498 

1900  . 

38 

1.383 

2.0446 

47    15.649 

3.  2390 

26. 678 

2. 2345 

24.796 

2.6835 

40.744 

2.5500 
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Bight  Ascensions  of  Time  Stars  for  iSoo  and  for  Quinquennial  Epochs j  1830- 1900 — Coutiimed. 


a  Cephei. 

\ 

I   Pegasi. 

P  Aquarii. 

^  Aquarii. 

£  Pegasi. 

Year. 

1 

R.  A.       jAnn.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

1\.  A.        1 

Ann.  var. 

] 

k.  A. 

Ann.  var. 

2lb 

2I*> 

2I»> 

• 

1 

2,b              i 

2I*> 

1800  .   . 

n  47.703    » 

.4425 

12      50. 507 

2.  7705 

21         1.254 

3.1681 

27    5.647 

3. 2052 

34 

21.799 

2.9472 

1830  .   . 

14  30.946    I 

.4405 

M     13.633 

2.7711 

22      36.  267 

3.1660 

28    41.  770 

3. 2028 

35 

50.213 

2.9470 

1835  .   . 

38. 147    I 

.4401 

27.489 

2.  7712 

52.096 

3. 1657 

57. 783 

3.2024 

36 

4.949 

2.9470 

1840  .   . 

45.347 ,  I 

.4398 

41.345 

2.  7713 

23         7. 924 

3. 1653 

29   13.794 

3.2020 

19.683 

2.9470 

1845  .   . 

52. 545    I 

.4395 

55. 202 

2.  7714 

23.  749 

3. 1649 

29.803 

3.2016 

34.418 

2.9469 

1850  .   . 

59. 742 1  I 

.4392 

15        9.059 

2.  7715 

39.  573 

3. 1646 

45.810 

3.  2012 

49.153 

2.9469 

1855  ■   - 

15    6.937    I 

.4388 

22.917 

2.  7716 

55. 395 

3.1642 

30    1.815 

3.2008 

37 

3.888 

2.9469 

i860  .   . 

14. 130    I 

■4385 

36.  775 

2.7717 

24    11.215 

3. 1639 

17.818 

3.2004 

18.  622 

2.9469 

1865  .   . 

21.322    I. 

.4382 

50. 633 

2.7717 

27.034 

3. 1635 

33. 819 

3.2000 

33.  356 

2.9468 

1870  .   . 

28.512 ,  I. 

4379 

16      4. 492 

2.  7718 

42.851 

3. 1632 

49.817 

3.1996 

48.090 

2.9468 

1875  -   . 

35. 701    I. 

.4375 

18.351 

2.  7719 

58.666 

3. 1628 

31    5.814 

3.  1991 

38 

2.824 

2.9468 

1880  .   . 

42.888    I. 

.4372 

32.211 

2.  7720 

25     14. 479 

3. 1625 

21.809 

3.1987 

17.558 

2.9467 

1885  .   . 

1 
50.073    I. 

.4369 

46. 072 

2.  7721 

30.290 

3. 1621 

37.801 

3.1983 

32.  292 

2.9467 

1890  .   . 

57. 256    I 

.4365 

59. 932 

2.  7722 

46. 100 

3. 161 7 

53. 792 

3. 1979 

47.025 

2.9467 

1895  •   - 

16    4. 438    I 

.4362 

17    13.794 

2.  7723 

26      1.908 

3. 1614 

32    9. 780 

3. 1975 

39 

1.759 

2. 9467 

1900  .   . 

11.619       !• 

'4359 

27. 656 

2.  7724 

17.714 

3. 1610 

25. 767 

3. 1971 

16.  492 

2.9466 

Year. 

H  Capricori 

li. 

a  Aqua 

irii. 

a  Gru 

is. 

6  Aquarii. 

n  Aquarii. 

R.  A.        Ar 

m.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

R.  A. 

Ann.  var. 

^ 

R.  A. 

Ann.  var. 

2ib 

210.      22»> 

2ih.      22*» 

22*» 

22'* 

1800  .  . 

42      22. 636      3 

.2861 

55    30.433 

3.0866 

55    33-507 

3.8472 

6     16. 221 

3.1760 

15 

3.638 

3.0672 

1830  .   . 

44      I. 169     3 

.2827 

57      3.010 

3.0852 

57    28.717 

3. 8334 

7    51.467 

3.1737 

16 

35.644 

3.0664 

1835  .   : 

17.582     3 

.2822 

18.435 

3.0850 

47. 878 

3.83" 

8      7. 335 

3.1733 

50.976 

3.0663 

1840  .    . 

33-  991     3 

.2816 

33.860 

3.0848 

7.027 

3.8288 

23. 201 

3.1729 

17 

6.307 

3.0661 

1845  .   . 

50. 397     3 

.2810 

49-  283 

3.0846 

26. 165 

3. 8265 

39.064 

3.1725 

21.637 

3.0660 

1850  .    . 

45      6. 801     3 

.2805 

58      4.706 

3.0844 

45. 292 

3.8242 

54. 926 

3.1722 

36.967 

3.0659 

1855  .   . 

23. 202     3 

.2799 

20. 127 

3.0842 

59     4. 407 

3.8219 

9    10. 786 

3.1718 

52.  296 

3.0657 

i860  .    . 

39.600     3 

.2793 

35.  548 

3.0840 

23.511 

3.8196 

26.644 

3.1714 

18 

7.624 

3.0656 

1865  .    . 

55. 995     3 

.2787 

50.967 

3.0838 

42.603 

3.8173 

42.500 

3.1710 

22.951 

3.0655 

1870  .   . 

46    12.387     3 

.2782 

59      6. 385 

3.0835 

0      1.683 

3.8150 

58. 354 

3.1706 

38.  278 

3.0653 

1875  .   - 

28. 777     3 

.2776 

21.802 

3.0833 

20.  752 

3.8127 

10    14. 206 

3. 1702 

53.604 

3.0651 

1880  .   . 

45.163   '3 

.2770 

37.218 

3.0831 

39. 810 

3.8104 

30. 056 

3.1699 

19 

8.929 

3.0650 

1885  .   . 

47      1.547     3 

.2765 

52. 633 

3.0829 

58. 856 

3.8081 

45.905 

3.1695 

24.254 

3.0648 

1890  .    . 

17.928     3 

.2759 

0      8. 048 

3.0827 

I     17.891 

3.8058 

11       1.751 

j. 1691 

39.  578 

3.0647 

1895  .   . 

34.306     3 

.2754 

23. 461 

1  3.0825 

36.914 

3.8035 

17.596 

3.1687 

54.901 

3.0646 

1900  .   . 

50. 681     3 

.2748 

38. 873 

3.0823 

55. 926 

3.8013 

33. 438 

3.1683 

20 

10. 224 

3.0644 
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Right  AscenHons  of  Time  Stars  for  1800  and  for  Quinquennial  Epochs^  1 830-1 900— Continued. 


Year. 


1800 
1830 

1835 
1840 

1845 
1850 

1855 

:  i860 

;  1865 
1870 

1875 
1880 

1885 
1890 
1895 
1900 


;;  Aqua 

.rii. 

C  Pega 

si. 

X  Aquarii. 

a 

Piscis  Australis. 

Year. 

1 

R.  A. 

Ann.  var. 

1 

R.  A. 

Ann.  var. 

] 

R.  A. 

Ann.  var. 

] 

R.  A. 

Ann.  var. 

1 

22** 

22h 

22»» 

22h 

1800  .   .      25 

4.578 

3.0865 

31 

29. 473 

2.9890 

42 

10.  361       3. 1386 

46 

34.189 

3.3441 

1830 

.      26 

37.  158 

3.0855 

32 

59. 152 

2.9896 

43 

44.490      3.1366 

48 

14.414 

3.3376 

1835 

52.  585 

3.0853 

33 

14. 100 

2.9897 

44 

0.172      3.1363 

31.100 

3. 3365 

\  1840 

.      27 

1 

8.012 

3.0852 

29.049 

2.9898 

15  852 

3.1360 

47.  779 

3.3354 

'  1845 

"    • " 

•  1 

23.437 

3.0850 

43.998 

2.9899 

31.532      3.1356 

49 

4.454 

3.3343 

1850  . 

1 

38. 862 

3.0849 

58.948 

2.9900 

47.  209      3.  1353 

21.123 

3. 3333 

,  1855  . 

1 

54.286 

3.0847 

34 

13.898 

2.9901 

45 

2.885 

3. 1350 

37.786 

3.  3322 

i860  . 

.      28 

1 

9.709 

3.0846 

28.849 

2.9902 

18.  559 

3.1347 

54.445 

3.  33" 

1865  . 

25. 131 

3.0844 

43.801 

2.9903 

34.  232       3.  1344 

so 

11.097 

3.3300 

1870  . 

1 

40. 553 

3.0842 

58.  753 

2.9905 

49. 903      3. 1340 

27.  745 

3.3290 

1875  . 

55. 974 

3.0841 

35 

13.  705 

2.9906 

46 

5.  572   1   3.  1337 

44.387 

3. 3279 

1880  . 

.      29 

".394 

3.0839 

28. 659 

2.9907 

21.240 

3.1334 

51 

1.024 

3.3268 

1885  . 

26. 813 

3.0838 

43.612 

2.9908 

36.906 

3. 1331 

17.656 

3. 3258 

1890  . 

42.232 

3.0836 

58.  567 

2.9909 

52.571 

3. 1328 

34. 282 

3.  3247 

1895  . 

1 

57.649 

3.0835 

36 

«3. 522 

2.9910 

47 

8. 234     3. 1325 

50.903 

.  3. 3236 

1900  . 

1 

30 

13.067 

3.0833 

28. 477 

2.9912 

23. 895     3. 1322 

52 

7.518 

3. 3226 

a  Pegasi. 


0  Piscium. 


I  Piscium. 


R.  A. 


57 


22'> 

54    48.470 

56  17.896 
32.805 

47. 715 

2.627 

17.540 

32. 455 
47. 370 

2.288 
17.206 
32. 126 
47.048 


Ann.  var.'       R.  A.       i Ann.  var. 


o)  Piscium. 


R.  A. 


58 


59 


1. 971 
16.895 

31.821 

46.  748 


2.9801 
2.9817 
2.9819 
2.9822 

2.9825 
2.9828 

2.9830 
2. 9833 

2.9836 
2.9839 
2.9841 
2.9844 

2.9847 

2.9850 

2. 9853 
2.9856 


17 
19 


20 


21 


22 


23b 

49.685 

20.862 

36.060 

51.259 

6.458 
21.658 

36. 859 
52.060 

7.262 
22. 464 
37.668 
52. 872 

8.076 
23.  282 

38. 487 


3-0389 

3. 0396 

3. 0397 

3. 0398 

3.0399 
3.0401 

3.0402 
3.0403 

3.0405 
3.0406 

3.0407 
3  0409 


29 
31 


32 


33 


3.0410 
3. 041 1 

3.0413 
53. 694  I  3. 0414 


34 


I 


23b 

40. 104 
12.561 

27.973 
43.386 

58.800 
14.  214 
29. 629 

45. 045 

0.461 
15.878 
31.296 

46.  715 

2.135 
17.555 
32. 976 

48.398 


Ann.  var. 


R.  A. 


Ann«  var. 


3.0815 
3.0823 
3.0825 
3.0826 

3.0828 
3.0829 
3.0831 
3.0832 

3.0834 
3.0835 

3.0837 
3.0838 

3.0840 
3.0841 

3.0843 
3.0845 


23b 

49 

2.903 

3.0744 

50 

35. 152 

3. 0756 

50. 530 

3. 0758 

51 

5.910 

3.0761 

21.291 

3. 0763 

36. 673 

3.0765 

52. 056 

3.0768 

52 

7.441 

3- 0770 

22. 826 

3.0772 

38.213 

3. 0775 

53.601 

3. 0777 

53 

8.990 

3.0779 

24.380 

3. 0782 

39.  772 

3.0784 

55.164 

3. 0787 

54 

10. 558 

3.0789 

o 


ON 


GAUSS'S  METHOD 


OF   COMPUTING 


SECULAR    PERTURBATIONS, 


WITH  AN  APPLICATION  TO  THE  ACTION  OF  VENUS  ON  MERCURY. 


BY 


GEORGE    W.    HILL, 

ASSIttTANX    AMERICAN    EPHKIVIKRIS. 


ON  GAUSS'S  METHOD  OF  COMPUTING  SECULAR  PERTURBATIONS. 


In  1818  Gauss  presented  to  the  Royal  Society  of  Sciences  at  Gottingen  a  memoir, 
the  full  title  of  which  is  Determinatio  Attractimiis  qtiam  in  punctum  quodvis  positionis  datce 
exerceret  planeta  si  ejus  massa  per  totam  orbitam  ratione  fejnporu'  quo  singulce  partes  desert- 
huntiir  uniformter  esset  dispertHa,     {Werhe,  Band  III,  s.  331.) 

This  memoir  is  a  notable  one  in  the  history  of  elliptic  functions,  as  it  contains  a 
new  algorithm  for  the  computation  of  the  complete  functions  of  Legendre's  first  and 
second  species.  But  we  shall  at  present  view  it  from  the  side  of  celestial  mechanics. 
Gauss  investigates  the  expressions  for  the  components  of  the  attraction  of  a  certain 
species  of  elliptic  ring  on  a  point,  which  can  be  advantageously  employed  in  comput- 
ing the  secular  perturbations  of  a  planet,  at  least  the  parts  of  them  which  are  of  the 
first  order  with  respect  to  the  disturbing  forces.  This  method  merits  attention  because, 
with  it,  we  can  secure  almost  absolute  accuracy  at  the  cost  of  a  comparatively  small 
outlay  of  labor.  Moreover,  it  is  capable  of  being  applied,  with  success,  to  all  the 
asteroids,  and  even  to  such  refractory  cases  as  the  periodic  comets.  Yet,  I  can  find 
but  two  published  investigations  where  it  has  been  employed.  The  first,  a  computa- 
tion of  the  secular  perturbations  of  the  earth  by  Nicolai,  results  only  being  given 
{Berliner  uistroHoniische  Jahrhuch  fiir  1820).  The  second,  an  application  of  the  method 
to  Tuttle's  periodic  comet  by  Dr.  Thomas  Clausen  (Dorpafer  Beobachtmtgen,  BandXYl, 
Einhitung).  This,  perhaj)s,  is  due  to  the  circumstance  that  the  memoir  of  Gauss  does 
not  contain  all  the  formulae  needed  in  the  application.  A  double  integration  being 
necessary.  Gauss  has  considered  only  that  in  respect  to  the  eccentric  anomaly  of  the 
disturbing  body,  and,  having  regard  to  elegance  only,  has  not  reduced  his  equations 
to  the  forms  giving  the  utmost  brevity  of  calculation.  Hence,  I  propose  to  give  an 
exposition  of  the  method  with  the  additional  formulae  required. 

The  following  notation  will  be  adopted:  For  the  quantities  pertaining  to  the  dis- 
turbed planet,  let 

a  denote  the  semi-axis  major, 

n      "         **    mean  motion  in  a  Julian  year, 

e      ^*         ^*    eccentricity, 

g}      ^*         *^    angle  of  the  eccentricity,  such  that  ^zzsin  9>, 

TT      **        '*    longitude  of  the  perihelion  measured  from  a  fixed  equinox, 

i      **         "    inclination  of  the  orbit  to  a  fixed  ecliptic, 
/2      **         ^*    longitude  of  the  ascending  node  of  the  orbit  on  the  fixed  ecliptic, 

L      ^*         *^    mean  longitude  at  the  epoch, 

X      "        *^    longitude  of  the  perihelion  measured  from  a  point  fixed  in  the 

shifting  plane  of  the  orbit, 
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CO  denote  the  angular  distance  of  the  perihelion  from  the  ascending  node  zz  ;r — /2, 

r      "        **    radius  vector, 
M,  E,  r      *^         *^    mean,  eccentric,  and  true  anomalies, 

u      *'         "    argument  of  the  latitude  z=:r  +  co, 

m      "        **    mass  of  the  planet,  the  sun's  being  taken  as  the  unit, 

p  "  *^  semi-parameter  zz  a(i  — e^). 
The  similar  quantities  belonging  to  the  disturbing  planet  will  be  denoted  by  the 
same  letters  accented.  In  addition,  let  \i  denote  the  component  of  the  disturbing  force 
in  the  direction  of  the  radius  vector,  positive  outward  from  the  sun;  8  the  component 
of  the  same  perpendicular  to  the  radius  vector  and  in  the  plane  of  the  orbit,  positive  in 
the  direction  of  motion;  and  W  the  component  perpendicular  to  the  plane  of  the  orbit, 
positive  northward. 

The  differential  e(iuations,  which  give  the  variations  of  the  elements  of  the  dis- 
turbed planet,  are 

(la 


1  +  m      L  'J 

rr>/cosa>r  .        T^       /  i^xciT 

,  =:         .       -  I  SHI  r.  K  -f  (cos  /'  +  cos  h)n   I 

'  I  +  '^'     |_  J 

(Iy    a'^wcoscpr  --^    .  /•      \  .     ^n 


(k 
dt 


di      an  sec  q)  ^^^ 

,.'=-        ,         /•  cos  w.  VV 
dt        I  -\-  w 

.     .  dn      an  sec  q)      .        ^^, 
sm  /    J-  zz        ,         r  sm  a,  W 
dt         I  -f  m 

drr      (Iy  ,        •    >  /     dfl 
zz      4-  2  snr    . 

(If       (It  2     dt 

dh  2  an  '  2^   ^^^   y        .  <^i    dfL       i    C^da 

,.  zz  —  ,    ,       r  K  -f  2  snr     •    ,.  -f  2  sm^    •     //   —       /       ja  dt 
dt  I  -f  m  '  2    (It    ^  2     dt         2  J   a  dt 

where  R,  S,  and  W  involve  the  fa<*tor  >//'zz  the  mass  of  the  disturbing  planet  measured* 
with  the  sun's  mass  as  the  unit,  but  are  not  multiplied  by  the  factor  A*^  {k  being  usually 
known  as  the  (iaussian  constant).* 

Provided  the  orbits  do  not  intersect,  and  if  we  limit  the  approximation  to  terms 
of  the  first  order  with  respect  to  the  disturbing  forces,  each  of  these  differential  coeffi- 
cients can  be  expanded  in  a  periodic  series  of  the  form 

2.A^J;;j./M+/M') 

./  and  f  being  positive  or  negative  integers,  and  A  being  constant.     The  term,  for 

*  For  the  proof  of  the8i»  foriiiulM*  the  rea<l<'r  may  consult  <'ither  of  the  following  sources:  Encke^  Berliner  Astrono- 
mUche  Jahrhuch  fiir  1837  nnd  1838,  in  the  treatist^  VIht  die  Bercchinmg  der  SjHTiellen  Storungen,  which  has  been  reprinted 
in  Encke^s  Ahhandlungen ;  or  Oppolzer,  Lvhrhnch  zitr  JiahuheHtimmung  der  Cometen  und  Phineten,  Band  II,  s.  213  etiteq,; 
or  Watson,  Theoretical  AMtrononiy,  pj).  516-523. 
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which  both  ./'  rz  o  and  ./'  rz  o,  constitutes  the  secular  portion  of  the  series.     The  part  of 
any  differential  coefficient,  as      ,  independent  of  M',  is  j^iven  by  the  definite  integral 


2  TT  J  Q  lit 

and  the  secular  ])ortion,  which  is  independent  of  both  M  and  M ',  by  the  definite  integral 


dt 
But  as  we  have  the  equations 


^''  de 

inidW 


M  -^-dY.-      --'-       dv 
a  a 2  cos  2  cp 


dW  zz  '''  dYJ  z=  -7^--^— 7  ^'^' 
a  a  ^  cos   9> 


and  as  the  variables  M,  E,  and  /'  all  take  the  values  o  and  211  together,  it  is  possible 
to  make  the  integrations  with  reference  to  the  eccentric  or  the  true  anomalies  of  the 
planets.  Thus  we  have  choice  between  four  different  procedures.  That  in  which 
both  of  the  integrations  are  executed  with  reference  to  the  eccentric  anomalies  is  to 
be  preferred;  for  the  inequalities  of  distribution  of  a  series  of  points  on  an  elliptic 
orbit,  corresponding  to  equal  intervals  in  the  value  of  the  eccentric  anomaly,  are  of 
the  order  of  the  square  of  the  eccentricity;  while,  for  the  other  two  anomalies,  they 
are  of  the  order  of  the  first  power  of  this  quantity.  Hence,  to  get  the  secular  portion 
of  the  variation  of  any  element,  as  ^,  we  shall  employ  the  double  integral 

tlie  value  of  which  we  shall  denote  bv  I  „ 

As,  in  this  method,  the  integration,  with  reference  to  E,  will  be  performed  by 
quadratures,  instead  of  the  notation 


"^./o 


lit 


Xr/E 


we  shall  use  Mg  [X],  which  will  denote  the  average  of  all  the  values  of  X  with  respect 
to  the  variable  E.  In  the  application  of  this  method  to  the  eight  large  planets  of  the 
solar  system,  the  taking  the  average  of  1  2  values,  evenly  distributed  about  the  circum- 
ference with  reference  to  E,  will  give,  in  all  cases,  extremely  accurate  results;  and 
often  8  values  will  suffice.  It  can  readily  be  shown,  but,  for  the  sake  of  brevity,  we 
omit  the  demonstration,  that,  if  the  number  of  these  values  be  even,  the  order  of  the 
error  committed  in  the  determination  of  the  secular  portions  of  the  differential  coeffi- 
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cients  ,  ,  e  ^r-,  -j-,  and  sin  i  ^  .    will  be  the  same  as  that  of  a  i)ower  of  the  eccentricities 
at      at   at  (ft 

or  mutual  inclination  of  orbits,  whose  exponent  is  one  less  than  the  number  of  these 
values,  while  the  en'or,  in  the  ease  of      ,  is  of  an  order  one  degree  higlier.     From  this 

principle  it  can  be  judged,  in  any  particular  case,   how  many  values  ouglit  to  be 
computed. 

It  is  well  known  tliat,  not  only  when  the  approximation  is  limited  to  tenus  of  the 
first  order  with  respect  to  tlie  disturbing  forces,  but  even  when  terms  of  the  second 

order  are  included,  the  secular  portion  of  -    vanishes.     Hence,  we  can  dispense  with 

(it  * 

computing  it. 


If  we  put 


7  R(i  -^'cosE')^/E' 


So  =  —    /      -,  S(i-e'cosE')rfE' 


27r    /^       111 


Wo  =   ^  ■    /  '  ^  W  (i  -  e'  cos  E')  rfE' 


we  shall  have,  for  the  secular  portions  of  the  differential  coefficients  of  the  elements 
of  m,  the  equations 

r  dal 

•-         -"oo 

L  M  J^=7^8ec9>.MB[co8M.  WoJ 


i«»L"^J  =iq:^8ec9).MB[8inM.  WoJ 


lit]  -i+^^^-L"'«M"^     '       2ldtj    +2«'"   2-1^  I 

In  the  case  of  the  earth,  as  the  ecliptic  is  usually  assumed  as  the  plane  of  reference, 
at  the  epoch  i  vanishes  and  /2  is  indeterminate.     But  this  inconvenience  is  avoided  by 
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substituting  for  i  and  /2  two  variables  p  and  q  (where  the  reader  is  asked  not  to  con- 
found this  p  with  the  p  which  denotes  the  semi-parameter),  such  that 

|>  zz  sin  i  sin  *Q  qzn  sin  i  cos  fl 

When  we  shall  have 

dt       =r+¥.«^^9>.Mj  sin(i;+;r).Wo 

The  parts  of  R,  S,  and  W,  whicli  arise  from  the  action  of  the  disturbing  planet  on 
the  sun,  have,  in  their  periodic  developments,  no  terms  independent  of  M'.     For 


73  ^?M 


-  -  Y+m'  J     de  '^^  -  ~  i+'m'  dt 


which,  as  it  has  the  same  value  for  M'  zz  o  and  M'  z=.27r,  leads  to 


-7-3  ^^M'  13  o 
0      ^ 


In  like  manner 


/"''"»'' =°       /".'■ 


dW  =  0 


Hence,  for  our  present  purj)ose,  it  will  suffice  to  consider  only  the  mutual  action 
of  the  two  planets.  Then,  assuming  a  system  of  rectangular  co-ordinates,  two  of  whose 
axes,  X  and  y,  lie  in  the  plane  of  tlie  orbit  of  the  disturbed  planet,  so  that  ^  iz  o,  R,  S, 
and  W  are  determined  by  the  equations 


r    ,.  _  xx'  +  yy'  - 

m'                     A»  " 

■r" 

r    i^_xy'—x'y 
m'                A' 

m'      ~  A" 

and  the  distance  A  of  the  two  planets  by  the  equation 

A2  -  ^-^  -  2  (xx'  +yy')  +  r"' 

In  order  to  accomplish  the  integrations  which  R^,  So,  and  Wq  involve,  it  will  be 
necessary  to  express  R,  S,  and  W  explicitly  in  terms  of  the  variable  E^  If  /  denotes 
the  mutual  incUnation  of  the  orbits,  and  U  and  W  severally  the  angular  distances  of 


322 


CX>MI*ITIN(.;    SKCll.AR    I'KkTl  KBATIONS. 


the  perihelia  from  the  ascending  node  of  the  orbit  of  the  disturbing  planet  on  the  orbit 
of  the  disturbed,  these  quantities  are  determined  by  the  equations 


sin  /cos  (//  —  o) ) 
sin  /  sin  (/7  —  u) ) 
sin  /  cos  (77'  —  a/) 
sin  /  sin  (//'  —  uy') 


—  sin  i  cos  i  +  cos  /  sin  /'  cos  {il'  —  £1) 

—  sin  /'  sin  {£!'  —  fl) 
cos  /  sin  }'  —  sin  /  cos  /'  cos  {£!'  —  fl) 

—  sin  i  shi  {£1'  —  il) 


We  shall  then  have 


x,r'  +  ///  zz  /■/•'  [     cos  [V  +  //)  cos  {v'  +  77')  +  cos  / sin  {v  +  77)  sin  {v'  +  77')] 
.r//  —  x'li  =  rr'  [  —  sin  (/•  +  77)  cos  (r'  +  77')  +  cos  /cos  {v  +  77)  sin  {v'  +  77')] 
/  =  / sin /sin  (/•'  +  //') 

But  if  four  auxiliary  constants,  A*,  K,  //,  and  K',  are  so  taken  that 


;tcos(K  — 7/)zz  cos//' 

A*  sin  (K  —  //)  zz  —  cos  /  sin  77' 

the  first  two  ecjuations  tiiko  the  forms 


k'  cos  (K'  —  77)  =  cos  I  cos  77' 
A'sin(K'-77)zz-       sin  77' 


x/  +  ////  zz      /.r  cos  (^•  +  K).  /'  cos  /■'  +  k' r  sin  (/'  +  K').  r'  sin  r' 
X]i  —  x' \i  zz  —  Ur  sin  {r  -f  K).  /'  cos  v'  +  ///•  cos  (<;  +  1^')-  '^'  ^^^  ^' 


By  the  substitution  of  the  values 


r'  cos  /•'  zz  a'  (cos  E'  —  r) 


r'  sin  v'  zz  a'  cos  q>'  sin  E' 


we  have 


^^'  +  IfU'  =      1^^^'*'  ^'o^  ('*  +  ^)  {^^^  ^^'  —  ^)  +  ^^^'  ^^«  9^'-  '*  shi  {y  -f  K')  sin  E' 

xy'  —  x'jf  zz  —  ka'r  sin  (r  +  K)  (cos  E'  —  e')  +  k'a'  cos  q).  r  cos  (v  +  K')  sin  E' 

/  zz      a  sin  / sin  /7'  (cos  E'  — '')  +  d'  sin  / cos  //'cos  9>'  sin  E' 


Moreovei*, 


r'zzr/(i  -e'cosE') 


in  consequence,  if  we  put 


A  zz  /•-  +  2  hirr  cos  (/'  +  Iv)  +  a'- 
H  cos  e  zz  h'ct^r  cos  (r  +  K)  +  ^'''^'' 
B  sin  €  zz  //a'  cos  (p,  r  sin  (r  +  'v') 


(1 /•»  /•> 
.  zz  <l  '('  " 


we  shall  have 


A-  zz  A  -  2  B  cos  ( E'  -  t)  +  V  cos^  E' 


K,  !S,  and  W  are  now  cxj)ress(Ml  explicitly  in  terms  of  E'.     Gauss's  method  of 
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effecting  the  integi'ations,  which  give  B^,  So,  and  Wg,  consists  in  taking  a  new  variable 
T,  such  that 

T^/  _  a  +  a'  sin  T  +  "■"  cos  T 
~Y  +>'  sin  T -f  y"  cosT 

""  ^  ~  y  +  /  sin  T  +>"  cos  T 

where  a,  y?,  y,  &c.,  satisfy  certain  conditions,  and,  moreover,  are  so  taken  that  the 
coefficients  of  sin  T,  cos  T  and  sin  T  cos  T  vanish  in  the  expression 

A^*  \y  +  y'  sin  T  +  y"  cos  T]'' 

which,  in  consequence,  takes  the  form 

G  -  G''sin*  T  +  G"  cos*  T 
As  the  equation 

[a  +  a',  sin  T  +  a"  cos  T]*  +[/?  +  /?'  sin  T  +  /?"  cos  T]*  -\y-\-y'  sin  T  +  y"  cos  T]* = o 

ought  to  hold  true  independently  of  the  value  of  T,  the  left  member  must  have  the  form 

;i;  (sin*  T  +  cos*  T  —  I ) 

but  as  it  is  plain  that  the  values  of  a,  a',  &c.,  can  be  multiplied  by  a  common  factor 
without  any  change  resulting  in  sin  E'  and  cos  E',  we  may  assume  k-=.\.  We  then 
have  the  six  equations  of  condition 

««    -|_  /?2    _  y2    —  _  I  aa'    +  /?A'    —  y/    =  o 

.   a'2  +  /j'2  —  y'*  =      I  aod'  +  /?/?"  —  yy"  =  o 

a"2  +  /?"2  _  /'2  -      I  a! a!'  +  /?'/?"  -  //'  =  o 

From  the  values  of  sin  E'  and  cos  E'  in  terms  of  T,  by  having  regard  to  the 
equations  of  condition  just  written,  we  obtain 

a    cos  E'  +  yff    sin  E'  —  Y    "=■ 


a'  cos  E.'  +  /?'  sin  E'  -  y'  = 


y-\-y'  sin  T  +  /'  cos  T 

8inT_ 

y  +  y'  sin  T  +  y"  cos  T 

cosT 


a"  cos  E'  +  0'  sin  E'  -  /'  =  ,        /     •      rn    ,        „  r,, 

y  -^y  %\nv  -\-  y    cos  1 
Hence,  as  the  equation 

[acosE'+/?8inE'-y]*-[a'cosE'  +  /S'8inE'-/]*-[a"cosE'  +  /?"sinE'-/'P=o 

ought  to  be  satisfied  independently  of  the  value  assigned  to  E',  the  loft  member  must 
have  the  form 

k  [sin*  E'  +  cos*  E'  -  I  ] 

2 
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Consequently, 

a2  -  a'2  _  ^//2  _  ^  a/3  —  a'^-  cd' ft"  -  o 

/J2  _  ^/2 _  ^'^—-^  ay  —  a!y  —  a"/'  =  o 

But  by  comparing  the  three  of  these  equations  which  involve  squares  of  the 
quantities  a,  a',  &c.,  with  the  similar  three  of  the  equations  of  condition  previously 
obtained,  we  get  3^;  =  —  3,  orA;zz—  i. 

The  six  equations  of  condition  first  obtained  may  be  so  written  as  to  form  three 
groups  of  linear  equations,  thus: 

a.    a+/3.   /3—y.   y=—i         a.    a'-{-/3.   /3'^y,   /z=o         a.    «"  +  /?.    /3"  —  y.   y'z=0 
a\  a+j8\  /3-y.  y=      o         a'.  a'  +  l3\  ft' -y' .  /=!  a',  a!'  +  p\  13" -y'.  /'=o 

a!\a-\^ft".ft-y".y-      O         a'\a' +  ft".l3' -y'^.y' =0         a!\a'' •{^ft^'.ft" -y^.y"  =  1 

If  we  put 

D  =  aft'y"  —  a'/Sy"  +  a'ft"y  —  od'ft'y  +  a!' fty'  —  a/3"y' 

we  shall  have 

Da  =  -  -]^  z=  /?"/  -  /?'/'  Da'  zz       1^,  =  /3"y  -  /Sy'' 

da  da 

T\  z>  dxJ  III  III  T\  Z)/  QtXJ  II  II 

D/?  =  — ^     =ay    —ay  Dfi"  =       j^  =  ay    —  a  y 

Dy  =      '^P  =  a'/3"  -  a"/3'  Dy'  =  -  ^^,  =  a/3"  -  a"/3 

ay  ay 

Da"=      ^^-^y'-ft'y 
da 

T\  £il  I  Of  ±J  I  I 

The  value  of  D  may  be  found  by  taking  any  one  of  the  twelve  preceding  equa- 
tions of  condition  between  a,  a',  &c.,  and  substituting  in  it  the  values  of  a,  a',  &c., 
from  the  preceding  nine  equations.     Thus,  if  we  take  the  equation 

a^  -  a'2  —  a"2  =  —  i 
we  shall  have 

D«  (-  o^  +  «'2  ^  ^"2^  =  D^  =  (/?/  -  /Tyf  +  (/?"y  —  /3y"y  -  (/3'y"  —  fif'yj 

—  /J2y'2  -|_  /J'2y2  +  /?"2/  +  /?2/'2  _  /?'2y"2  _  ^"t y't 

—  2  ftyp'y'  —  2  Pyfi'y"  +  2  /?'//?'>" 

_  0^  (y  _    I)   +  /?'2  (y'2  +    I)  +  ^'2  (^yn  _,.    J) 

_  2  /?y/?>'  -  2  /?y/J'>"  +  2  /?'y'/?'>" 
=  -  /?^  +  /T^  +  Z?"''  +  (/?y  -  /y/  -  /?"/')=' 
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Hence,  D  =  db  i-  It  is  evident  we  may  adopt  either  sign,  consequently  we  take 
the  positive  one. 

The  foregoing  equations  between  the  quantities  a,  a',  &c.,  are  all  that  are  neces- 
sary for  our  purposes,  but  in  order  to  obtain  the  values  of  these  quantities  and  also  of 
the  three  G,  G',  and  G"  we  must  have  recourse  to  the  equations  furnished  by  the 
transformation  of  the  expression  for  A I  This  transformation  evidently  comes  to  the 
same  thing  as  the  changing  of  the  expression 


into 


Ks?  —  2B  cos  €,  xz  —  2B  sin  e.  yz  +  Qa? 


Gu^  -  G'i*'2  +  G"it"' 


by  the  employment  of  the  fonnulse 


J  ,j 


X  z=.  au  +  a'u'  +  a*'u" 
z  zz  yu  +  yv!  +  y"u" 


But,  having  regard  to  the  equations  which  the  quantities  or,  a',  &c.,  satisfy,  we 
readily  deduce  from  the  last-given  equations 


v!  = 
v!'  - 


—  ax    —  Py    +  yz 

a!x  +  fiy  —  y'z 
a!'x  +  I3"y  -  y"z 


m 

By  substitution  of  these  values  in  the  expression  Gw*  —  G'm'"  +  G"m"*  and  com- 
parison of  the  resulting  coefficients  with 

ki^  —  2  B  cos  e.  xz  —  2  B  sin  e.  yz  +  Q3? 


we  get  the  following  equations: 

Ga2--GV2  +  G"a"^  =  C 

G/?2  _  G'/r^  +  G"/?"*  =  o 
Gy2  _  G>'2  +  G"/'*  =  A 


Ga/?  -  G'a'/?'  +  G' V'/S"  =  o 
Gay  -  G'a'/  +  G"a"r"  =  B  cos  « 

G/?y  -  G'/?>'  +  G"/?"/'  =  B  sin  f 


which,  in  conjunction  with  the  six  independent  equations  between  a,  a',  &c.,  previously 
obtained,  suffice  to  determine  the  twelve  unknowns,  a,  a',  a",  /?,  /?',  /5",  y,  7',  y",  G, 
G',  and  G". 

These  six  equations  can  be  written  in  three  groups  of  three  equations  each,  the 
first  group  being  as  follows: 

a.  Ga  -  a'.  G'a'  +  a".  G"a"  z=  C 
a.  G/?  -  a'.  G'/?'  +  a".  G"/?"  =  O 
a.  Gy  -  a'.  G'/  +  a".  G"/'  =  B  cos  f 

The  second  and  third  groups  are  obtained  from  this  by  writing  in  succession  ft 
and  Y  for  a  in  the  first  factors  of  the  terms  of  the  left  members  of  the  equations,  and 
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making  the  second  members,  in  the  first  case,  severally  o,  o,  and  B  sin  e,  and  in  the 
second,  B  cos  f,  B  sin  £,  and  A.  By  having  regard  to  the  six  equations  of  cx)nditions 
between  a,  a',  &c.,  which  were  first  obtained,  we  get  from  these  three  groups  severally 
the  following  three  groups  of  equations: 

Ga      zz  —  Ca  +  B  cos  e.  y 

G/3      zz  B  sin  €,  y 

Gy      zz  —  B  cos  €.  a  —  B  sin  £.  >ff  -f  Ay 

G'a'    zz-Ca'  +  B  cos  e.  / 

G'j8'    zz  B  sin  €.  y 

G>'    zz—  B  cos  e.  a'  -  B  sin  €.  fi"  +  A/ 

-  G"a''  zz  -  Ca''  +  B  cos  e.  y" 

-  G"/3"  zz  B  sin  e.  /' 
-G''/'zz-  B  cos  €.  a''  -  B  sin  e.  ^'  +  A/' 

From  the  first  two  equations  of  each  of  these  three  groups  is  obtained 

_  B  cos  e  /  _  B  cos  e    ,  //  _      ^  cos  £     // 

""  -  G  +  C  ^'  ''-G'  +  C''  """"     W-&'  ^ 

^       B  sin  £  ^,       B  sin  e     ,  ^/,  *        B  sin  e     „ 

By  substituting  these  values  of  a,  >?,  &c.,  in  the  last  equation  of  each  group  we  obtain 

r^        A    .     B-  cos^  e     ,    B^  sin^  e 

p,       *         B*^  cos^  ^     \^  ^^^  ^  — 
_p//_4    ,     B^  cos^  £         B^  sin^  ^  —  o 

It  is  evident,  now,  that  G,  G',  and  —  G"  are  the  roots  of  the  cubic  equation 

A    ,   B^  cos^  £    .     B^  sin-  e 

a;  — A+         -^  ^ zzo 

or  of 

X  l{x  -  A)  (.r  +  C)  +  B^]  +  B^  sin^  e  zz  o 

The  roots  of  this  equation  are  all  real,  as  can  be  shown  in  the  following  manner: 
If,  for  the  moment,  we  adopt  Gauss's  system  of  rectangular  co-ordinates,  that  is,  put 
the  origin  at  the  center  of  the  ellipse  described  by  the  disturbing  planet,  and  make  the 
axes  of  X  and  y  coincide  severally  with  the  major  and  minor  axes  of  this  ellipsei  and 
suppose  that  the  co-ordinates  of  the  disturbed  planet,  with  reference  to  this  system  of 
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axes  are  denoted  by  A,  J5,  and  C,  the  expression  for  A^,  which,  in  our  notation,  is 

A2  =z  A  -  2B  cos  (E'  -  f)  +  C  cos^  E' 
will  become 

A^=(A  -  a'  cos  E')'  +(B-a'  cos  ?>'  sin  E')  +  C 

=  A^  +  B'+C^+a'^ cos^ q)'-2(Aa'  cos E'  +  Ba' cos <p' sin E')  +  a'^ gin^ cp' cos^ E' 

By  comparison  of  these  two  expressions  for  A^,  we  find  that,  expressed  in  terms 
of  the  second  system  of  co-ordinates,  the  equation  in  x  becomes 

x[x  —  (A'  +  ^  +  (72  +  a'^  cos^  9>')]  (^  +  «"  sin^  ?>')  +  {A'  a'^  +  B"  a'^  cos^  cp' )  x 

+  B^  0!^  sin^  9)'  cos-  9>'  =  o 

We  substitute  for  x  in  this  equation  the  four  values  —  C,  o,  a'^  cos^  q)\  and  A,  and 
obtain  the  results 

X  zz:  —  a'^  sin^  9>'  zz  —  C  result,  —  A^  a'^  sin^  q)' 

X  =.      o  ^^  -{-  B^  a^*  sin^  ^'  cos^  ^' 

X  zz      a'^  cos^  9>'  "  —  (7-  a'*  cos^  9>' 

a;z=      A  "  +BMA  +  Csin2f) 

From  this  it  is  apparent  that  the  roots  are  all  real,  one  being  negative  and  numeri- 
cally less  than  C,  one  positive  and  less  than  a'^  cos^  (p%  and  another  positive  and  lying 
between  af^  cos^  9)'  and  A. 

The  assignment  of  these  roots  as  the  values  of  G,  G',  and  —  G"  is  not  indifferent; 
as  we  wish  both  A  and  the  transformation  to  be  real,  we  put  G  equal  to  the  larger  of  the 
positive  roots,  G'  equal  to  the  smaller,  and  — G"  equal  to  the  negative  root.  Conse- 
quently, G,  G',  and  G"  are  always  positive  quantities. 

The  readiest  method  of  obtaining  them  from  the  equation  of  the  third  degree, 
which  determines  them,  appears  to  be  by  trial.     If  we  put 

5^  zz  B^  C  sin^  € 

A  =  i  [A  -  C  +  V~(ATC)^^=TB-] 

Z  =  i  [A  -  C  -  V"(A+ C)^ -TB"^ 

the  equation  takes  the  form 

X  (x  —  h)  {x  —  I)  -\-  g  =1  o 

As  g  is  usually  a  small  quantity,  having  the  factor  e'^,  the  approximate  values  of 
the  roots  are  o,  I,  and  h.  G,  G',  and  G"  can  then  be  obtained,  by  successive  approxi- 
mations, from  the  equation  put  in  the  forms 


G    =h--^^ 


9 


G  (G  -  0 


G'     =    ^    +  >-T7 


9 


G"  = 


G'  {h  -  G') 
{h  +  G")  {I  +  G") 


\ 
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quite  approximate  values  being 
G  =  /*  -  .-jj^.  G'  =  i  +  ,7;^,  G"  =    . 3  

h  {n  —  I)  I  {h  —  I)  /        ff\/i       9 


(*+^)0+f,) 


For  verification  we  may  employ  either  or  both  of  the  equations 

G  +  G'  -  G"  =  A  -  C 

GG'G"  =  B2Csin2£ 

It  will  be  seen  that,  in  order  to  make  our  desired  transformation  from  the  variable 
E'  to  the  variable  T,  we  do  not  need  the  values  of  the  nine  quantities  a,  a! ^  &c.,  biit 
only  the  values  of  the  following  ten  squares  and  products  of  them,  viz,  a'^,  y'^^  a! /^^ 
a'y\  13' y,  a!'\  /"^  a" I3'\  a"y'\  and  /^V';  hence,  we  will  limit  ourselves  to  the  deter- 
mination of  these. 

The  values  of  a'  and  yff',  in  terms  of  y\  and  of  a"  and  >*'',  in  terms  of  y",  have 
already  been  given.     If  we  substitute  them  in  the  equations 


a'2  ^   ^.2  ^y^-i  a"2  ^  ^//2  _  yn2  _    I 


we  obtain 


r  W  c^s^e         B\sin^j!£  _    "I    ,  _  J 
L(G'  +  C)-  "^      G'2  ^J^  " 

r  B^  cos^  e        W  sin^  £         ~|    //  _  j 

L {Q^^^ory "^    G"2       ^J^  ~ 


Whence 


y.^     (G^'+_C)_0' 

B^cos^£_,  .  B^sin^f 


,'2 


G' 


^G'  +  ^^-g^^  (G'  +  C)  -  (G'+C)  G' 


or  having  regard  to  the  equation  which  determines  G', 

y2  ^  (G'  +  C)  G' 


(A  -  G')  G'  +  ^"^^J  —  -  (G'  +  C)  G' 


(G'  +  C)  G' 


(A-C-2G')G'  +  GG" 

(G'  +  c)  g;_  _ 

(G' +  G")  (G  -  G') 
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And  in  like  manner, 


y"2     _ 


(C  -  G")  G" 


^^^  G"  +  ^-^  (C  -  G")  -  (C  -  G")  G" 


_        _  _      (C  -  G")  G" 

-  ("A"+  G")  G"  +  GG'  -  "(C  -  G")  G 

_     _(C  -  G^')  G" 
-(G  +  G")"(G'  +  (>") 


We  have 


consequently, 


Also, 


B"  cos*  ^  _  A  _  p'  _  ^^  ^^^^  * 


- '  (G'  +  G'"')  (G  -  G") 


B"  cos^  *       A    1   rt//   1   B^  sin^  e 

—  =  A  +  br    +  - 


C-G' 


G" 


consequently, 


"2  _  (A  +  G")  G"  +  B^sin^j 
'^    ~    (G  +  G")  (G'  +  G'') 


And  the  values  of  the  six  products  needed  are 


/  Z)/ 


a'/y 


a'y'  = 


B*  sin  e  cos  * 

(G^+G"y(G-"GO 

B  cos  €.  G' 

(G'  +  G")  (G  -  G') 


'^  ^  -  (G'  +  G")  (G  -  G') 


B^  sin  €  cos  e 

■  (G-fG"JW  +  G") 

B  cos  e.  G" 

(G  +  G")  (G'  +  G") 

/9"v"  -_    B  sin  e.  (C  -  G") 
^  ^   -     (G  +  G")  (G'  +  G") 


a"/3"  = 


^11  ^,11  


We  have  next  to  ascertain  the  value  of  the  diflferential  rfE'  in  terms  of  the  differ- 
ential rfT.     From  the  equations 

H  cos  py  zz  a  +  a!  sin  T  +  a!'  cos  T 
H  sin  E'  =  /?  +  ft'  sin  T  +  ft"  cos  T 

where  H  stands  for  x  +  x'  sin  E'  +  y"  cos  E',  it  follows  that 

H  AYJ  =  [cos  E'  (/?'  cos  T  -  /?"  sin  T)  -  sin  E'  (a'  cos  T  -  a"  sin  T)]^rfT 


or 


H^  dE'  =  [(«")(?'  -  a' ft'')  +  {a" ft  -  aft")  sin  T  +  («/?'  -  «'/?)  cos  T]  rfT 

=  _  [y  +  y'  sin  T  +  y"  cos  T]  rfT 
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Whence 

H  rfE'  =  -  dT 

The  quantity  H  is  always  of  the  same  sign,  otherwise  sin  E'  and  cos  E'  might 
become  infinite  in  the  passage  of  H  through  zero.  If  this  consideration  is  not  deemed 
conclusive,  the  point  can  be  established  as  follows: 

Since  we  have 

(x'  sin  T  +  y"  cos  T)'-^  +  (/'  sin  T-/  cos  T)^  =  /'  +  /'^  =  y' -  i 

without  regard  to  signs,  y'  sin  T  +  /"  cos  T  will  always  be  less  than  y.  Hence,  if  y 
be  negative,  T  will  always  increase  when  E'  increases;  but  if  y  be  positive,  T  will 
always  diminish  when  E'  increases. 

If  we  put  Vp^^  =  ^j  so  that  5^  iz:  a\+  /^^  =  /"  +  x"^  we  shall  have 

ll{S  +  a  cos  E'  +  /?  sin  E')  =  yS  +  a^  +  jS' +  {y'd  +  aa'  +  yff/f)  sin  T 

+  {y"d  +  aa''  +  /?/?'')  cos  T 

=  (y  +  <5)  (5  +  /  sin  T  +  y'  cos  T) 

Also, 

H  (a  sin  E'  -  13  cos  E')  =  {al3'  —  a'/?)  sin  T  +  (a/?"  -  a" /3)  cos  T 

=  y"  sin  T  -y'  cos  T 

By  putting 


%  zz  cos  L  ^  z=  sin  L  ^   -zz  cos  M  ^  zz  sin  M 

odd  o 

these  two  equations  become 

H  [i  +  cos  (E'  -  L)]  zr  (x  +  <5)  [i  +  cos  (T  -  M)] 
H  sin  (E'  -  L)  =  sin  (T  -  M) 

By  division  we  get 

tan  HT  -  M)  =  {y  +  d)  tan  J  (E'  -  L) 

From  this  equation  it  is  evident  that,  when  E'  augments  by  a  circumference,  T 
augments  or  diminishes  by  the  same  quantity  according  as  y  is  negative  or  positive. 

The  expressions  we  have  to  integrate  with  respect  to  E'  are  of  the  form  ®3 ;  hence, 
whether  y  be  positive  or  negative,  we  shall  always  have 


p2.    0  ^2.        JJ2  0 


provided  that  we  imderstand  that  the  radical  in  the  denominator  is  to  have  the  positive 
sign. 

The  general  form  of  0  is 

0  =  [f  +  ff  (cos  E'  -  e')  +  h  sin  E']  (i  -  e'  cos  E') 
~  /_  ge'  +  [//  ( I  +  e'')  -  fe']  cos  E'  +  h  sin  E'  -  he'  sin  E'  cos  E'  -  ge'  cos^  E' 


/ 
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If  in  this  expression,  multiplied  by  H^,  are  substituted  the  values  of  H*,  H  cos  E', 
and  H  sin  E'  in  terms  of  T,  and  the  terms  multiplied  by  sin  T,  cos  T,  and  sin  T  cos  T 
omitted,  as,  when  integrated  between  the  limits  o  and  2W  they  contribute  nothing  to 
the  value  of  the  integral,  we  get 

ff  0  =  (/-  ^c')  (y^  +  y'^  sin^  T  +  /'^  cos^  T) 

+  [^  ( I  +  e'^)  -  /e']  (ay  +  a'y'  sin«  T  +  a"y"  cos^  T) 
+  A  (/?y  +  /a'y'  sin"  T  +  /3"y"  cos''  T) 
—  he'  {a/3  +  a'/S'  sin»  T  +  a"/3"  cos*  T) 
_  ge'  (««  +  a'2  sin'  T  +  a"^  cos'  T) 

But  we  have  the  equations 

a*  =  —  I  +  a"  +  a"2 

y'  =  I  +  y'*  +  r"* 

a/3  =  a'/3'  +  a"/3" 

ay  zz  a'y'  4-  a"y" 

/3y   =  /3'y'  +  fi"y" 

Hence,  if  we  put 

r   =  (/-  ge')  /'  +  [^  ( I  +  e")  -/e']  a'y'    +  h/3'y'    -  he'a'fi'    -  ge'a!^ 
r"  =  if-  ge')  y"'  +[9(1+  e")  -fe']  a"y"  +  h/3"y"  -  he'a!'0"  -  ge'a"-" 

we  shall  have 

H'0  =  [2r'  +  r"  +/]  sin'T+  [/"  +  ar"  +/]  cos'T 

If  we  substitute,  in  the  expressions  for  F'  and  r'\  for  y'^,  a!y\  &c.,  the  values 
we  have  previously  obtained  for  these  squares  and  products,  and,  moreover,  put 

F  =z  [ge'  B  sin  £  —  lie'  B  cos  e  +  7iC]  B  sin  e 

J  zz  -  ge'k  +  (/-  ge')  C  +  [^  (i  +  e'^)  -fe']  B  cos  £  ^  AB  sin  € 

we  shall  obtain 

_     F  +  JG'  +fG"  pn  _  -Y  +  3G"-fG"^ 

-  (G'  +  G")  (G  -  G')  -  (G  +  G")  {G'  +  G") 

Substituting  in  the  values  of  F  and  J  the  values  of  A,  B  cos  f,  B  sin  f,  and  C,  we  get 

F  =  a'e'r  B  sin  e.  [gK  cos  cp'  sin  {v  +  K')  —  hk  cos  {v  +  K)] 

J  =  —  fa'e'kr  cos  {v  +  K)  +  g  \ka'  cos^  (p',  r  cos  (t;  +  K)  —  eV] 

+  hid  a!  cos  9)^  r  sin  {v  +  K') 

To  apply  these  formulae  to  the  three  special  cases  of  the  computation  of  Rq,  Sq, 
and  Wq.     In  tlie  case  of  Rq  we  have 

/=  —  ai^  gzz  kaa'r  cos  (t>  +  K)  h=z  J^aaf  cos  q>'.  r  sin  (t;  +  K') 

3 
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Consequently,  here 

Fz=o 

J  =  aa'2  cos^  qJ.  r"  [F  cos^  (t;  +  K)  +  A;'^  sin^  (t;  +  K')] 
zz  aa'-  cos^  €p',  r^  [i  —  sin^  /  sin-  (t;  +  //)] 

In  the  case  of  S©  we  have 

/z=  o  9  '=—  A'rtaV  sin  (t;  +  K)  hzz  k*aa*  cos  9)'.  r  cos  {v  +  K') 

Consequently,  here 

F  =  —  aa'^  kK  cos  (K'  —  K)  sin  <p'  cos  <p\  r^  B  sin  £ 

z=  —  aa'^  sin  g>'  cos  9>'  cos  /.  r^  B  sin  e 
J  zz  Jfcaa'eV  sin  (t;  +  K)  +  J  o^'^  cos^  9>'.  r^  [k""  sin  2  (t;  +  K')  -  A"  sin  2  (t;  +  K)] 

=z  kaa*e'f^  sin  (t;  +  K)  —  J  aa!^  cos*^  9)'  sin^  /.  r^  sin  2  (t;  +  il) 

In  the  case  of  W©  we  have 

/=  o  g  =-  0!  sill  /  sin  77'.  r^  A  z=  «'  sin  /  cos  77'  cos  q>'.  r^ 

Consequently,  here 

F  =  a'^  sin  9)'  cos  (p'  sin  /.  r^  B  sin  £  [A'  sin  77'  sin  {v  +  K')  —  k  cos  77'  cos  {v  +  K)] 

z=  —  a'^  sin  9)'  cos  q>*  sin  /.  r^  cos  {v  +  77).  B  sin  e 
J  =  a'-  cos^  9>'  sin  /.  r»  [A;  sin  77'  cos  (t;  +  K)  +  ^-'  cos  77'  sin  {v  +  K')] 
—  a!  sin  9>'sin  7  sin  77'.  ^^ 

—  a'^  cos^  cp'  sin  /  cos  /.  "i^  sin  (t;  +  77)  —  a'e'  sin  /  sin  77'.  t^ 

Tlie  values  of  R^),  S©,  and  W©  are  given  by  the  definite  integral 


I       /*2.  j-2  /-/ 


+  r"  +/]  sin^  T  +  [T'  +_2  r"+/]cos^T 
[G  +  G"]f  [  I  -  c'^  sin^  T]  J  " 


rfT 


provided  we  attribute  to  F,  J,  and  /  the  values  they  have  in  each  case.      In  this 
expression  we  have  put 

G  +  G"  "" 

c  is  then  the  modulus  of  the  elliptic  integrals  involved  in  the  expression.     Let  6  denote 
the  complementary  modulus  =  a/j~—  c^.     In  the  notation  of  Legendre 

f"  F f^  o  rr..^  =  F^  (c)  f'  [I  -  c'  sin«  T]i  rfT  =  E^  (c) 

We  have  the  equation 

_^     _?^lJj?^®J     _  I  —  2  sin"  T  +  c"  sin^  T 
rf"T  1 1  -  c'  sin'  T]i  ~         [I  -  c*  sin"  T]f 
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whence 


/ 


I  I  —  2  sin'  T  +  c"  sin*  T  _ 
[i-c'Bin'T]f         ~° 


In  consequence,  we  have  the  equations 


/  .-T^^^L  =  E-  (0) 


[i-c'  sin'  T]f 


Legendre,  moreover,  has  put 


2 

Hence, 


F^(c)  =  -K  E»(c)  =  ^KL 


R„.  So,  or  w„=^^^^^^7;^  [(r  +  2r" +/)  (1  -  L)  +  (2r'+ r" +/)  (L  _  i)  J 


6'  (G  +  G")t  •'  ^  (G  +  G 

We  will  now  put 

«♦ K.L  «»  L  —  0" 

»■  —   j2  *  —    c^L 

In  consequence,  the  general  expression  for  Ro,  So,  or  Wo  will  take  the  form 


% 


(G  +  G")t 


[/+(n-S)^'  +  (2-^)r"j 


If  we  put 


(G  +  G")f  ~  J'c''  (G  +  G")'  "c'  (G  +'G") 

and  substitute  for  F'  and  P'^  their  values,  this  expression  becomes 

(N'  -  N")  ^  +  (N'G'  +  N"G")  ^  +  (N  +  N'G'^-  -  N"G"»)  ^ 
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This  can  be  rendered  more  suitable  for  computation  by  putting 

P  -  N'  _  N"  -  N[-2y+  i  +  (i+&^)^] 

O  —  W  (Or'  4.  a"\  —  N  (i  4-  S) 

V  =  Q  -  PG" 

Then  the  expression  takes  the  form 

If  we  call  -5,  — 5 •  and  -^  severally  in  the  cases  of  Rq,  S©,  and  W©  by  Fi,  Ji,  /i, 
F2,  J2,  ^,  F3,  Jj,  ^,  remembering  that  Fi  =  o,  ^  =  —  i ,  ^  =  o,  and  ^  =  o,  we  shall  have 

R,  =z_  (N  +  QG'  -  VG")  +  VJ, 
So  =      PF2  +  V  J3 

Wo  =        PF3  +  VJ3 

It  now  only  remains  to  show  how  the  elliptic  integrals  K  and  L  may  be  computed. 
If  we  adopt  a  new  variable,  T®,  such  that 

sin(2T-'P)=Vsin'r' 
where  c*=  — ~-j^,  we  shall  have  the  following  equations. 

cos  (2T  —  T)  =  V  (i  —  c<^  sin*  T)  =  A 
cos  2T  =  A  cos  T  —  c»  sin*  T" 
sin  2T  =  A  sin  T  +  c»  sin  T  cos  T 
=  sinT»(c"co8'r.+ A) 

2dT  =  ~(c^co8V+  A) 

/  /  ^    •    2  rpx  C*  COS  T  +  A 

V(i  -  c*  sin*  T)  =  — -  _^-  -T   _ 

dT  _  i+c*  dV 

V(i -c»sin*T)  ~      2       A 

which  constitute  the  well-known  transformation  of  Landen.     It  is  plain,  from  the 
values  of  sin  (2T  —  T*)  and  cos  (2T  —  T")  that,  when  T  passes  from  the  value  o  to 
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the  value  - ,  T*  passes  from  o  to  tt.     Hence, 


r^ ^ =(1+0  r^ ^ 

y,     V(i-c»8in»T)  Jo      ^ (i  -  (f^  sin"  T>) 

or 

F  (c)  =  (I  +  c»)  F^  (c») 

If  we  take  c^  the  same  fuuction  of  c"  that  c**  is  of  c,  and,  again,  in  like  manner, 

TT 

derive  c*"",  and  so  on,  the  quantities  c,  c*,  c**,  &c.,  diminish,  and,  as  F'  (o)  =  — ,  we  shall 
have 

K  the  moduli  complementary  to  c**,  c%  &c.,  are  denoted  by  6®,  6^,  &c.,  we  shall 
have  b^  =,  V  i  —  c<^  and  b  zz  — j — ^ .      Consequently, 


('  +  ""'  =  ;75 


Hence, 


=v' 


.  6»  J""  6«» . . . 
K 


From  the  equations 


^7 5^--rrm  =  ^-^  ^  sin^  '1'  =  i  (I  +  c»  sin''  1^  -  A  cos  T) 


we  obtain 


•I    A  +43  sin*  T    ^^       ,         ^,       /    ''  A  +  -  -|-  B  ^sin*  T> 


n\    A+-»sm'i  /    -A  +  -  -i-ii-sm'  r 


If  this  process  of  transformation  is  continued  as  in  the  case  of  the  former  integral 
we  find  that 

y,      V(i-c*8in'T)  2        L^2l^^2^4^       8       ^  )\ 

In  the  case  of  E*  (c)  we  have  A  =  i  and  B  =  —  c*;  hence, 


8 


■        • 
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As  we  have 

__  ^  _  ^«  _  ^  —  ^_ 

and  as  we  may,  for  our  purpose,  cut  off  the  series  at  the  term  which  contains  c**",  and 
with  sufficient  approximation  put 


V2V 


2  -    >   •   -T-  -       -   /W  c**        ~  Vi 


00 


we  may  put 


In  like  manner 


c"      ~  2  |_*       2         4    Vft^J 


6V  —  *  — 


2-C^-(i^^+^^('l+ic«'^^ 

8 V    ^  2       Vft"*/ 


3  _lc2 


6^  r     I       A//i^T 

2     L2        4    V6^U 


602 


L      2       Vft^J 


The  common  logarithms  of  the  last  three  functions  are  tabulated  at  the  end  of 
this  memoir.  In  order  to  make  the  data  of  Legendre's  Tables  in  the  second  volume 
of  his  Theorie  ties  Fonctions  EUiptiques  available,  c  lias  been  put  =  sin  0,  and  0  adopted 
as  the  argument.  The  quantities  are  given  to  eight  places  of  decimals,  having  been 
computed  with  ten.  They  are  tabulated  at  intervals  of  a  tentli  of  a  degree,  and  .are 
given  from  0  iz:  o  up  to  0  zz  50^.  Beyond  the  latter  limit  they  will  scarcely  be  needed 
and  the  interpolation  of  the  tables  becomes  difficult.  Should  values,  beyond  the  limit 
of  the  table,  be  wanted,  it  will  be  easier  to  compute  them  directly  from  the  formulae 
than  to  derive  them  by  interpolation  from  values  tabulated  at  intervals  of  o^.i  in  the 
value  of  0. 
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Recapitulation  of  the  formulce  needed  for  the  application  of  this  method. 

For  the  benefit  of  those  who  wish  to  make  a  numerical  application  of  this  method, 
I  have  liere  gathered  together  and  arranged,  in  proper  order,  all  the  formula;  necessary 
to  be  used.  For  the  signification  of  the  symbols,  the  preceding  discussion  must  be 
consulted. 

Compute  the  constants  /,  77,  77',  k^  K,  A/,  K',  and  C,  which  are  functions  of  the 
elements  of  the  two  orbits,  by  means  of  the  equations 

sin  /  cos  (77  —  a? )  zz  —  sin  i  cos  i'  +  cos  i  sin  i*  cos  (il'  —  il) 
sin  /  sin  (77  —  gd)  zz  —  sin  i'  sin  (/2'  —  /2) 

sin  /  cos  (77'  —  c»')  m       cos  i  sin  i'  —  sin  i  cos  i*  cos  {fl'  —  fl) 
sin  7  sin  (77'  —  a?')  zz  —  sin  i   sin  (/2'  —  £1) 

k  cos  (K  —  77)  =  cos  77' 

k  sin  (K  —  U)  zz—  cos  / sin  77' 

k'  cos  (K'  —  n)=      cos  /  cos  77' 

U  sin  (K'  -  77)  zz  -  sin  77' 

Czza'^e'' 

The  circumference,  with  reference  to  the  variable  E,  will  now  be  divided  into  a 
certain  number  of  equal  parts,  which  number  ought  to  be  a  nuiltiple  of  4,  and  should 
be  large  or  small  as  the  perturbations  are  more  or  less  irregular  through  the  variation 
of  the  distance  of  the  two  i)lanets.  For  each  of  these  values  of  E,  the  values  of  the 
varying  quantities  in  the  left  members  of  the  following  equations  must  be  calculated. 
Here  a  useful  check  against  large  errors  may  be  had  by  adding  the  first,  third,  fifth, 
&c.,  numerical  values  of  any  one  of  these  quantities,  and  again  the  second,  fourth, 
sixth,  &c.  The  difference  of  the  two  sums  should  be  very  small,  except  in  case  of  certain 
angles,  where  one  sum  may  exceed  the  other  by  nearly  1 80^.  The  same  test  may  be 
applied  to  the  logarithms  of  a  quantity,  provided  it  does  not  change  sign  and  does  not 
approach  zero  very  closely. 

r  cos  V  =  a  (cos  E  —  e) 
r  sin  V  zz  a  cos  9)  sin  E 

A  =  r^  +  2  ka'e'r  cos  (v  +  K)  +  a'^ 
B  cos  €  zz  ka'r  cos  (t;  +  K)  +  «'^  ^' 
B  sm  e  zzkfa'  cos  g>\  r  sin  {v  +  K') 

g  zzB!^  C  sin^  € 

A  =  HA  -  C  +  V(A+C)*-4B5] 
l  =  i[A-C-  V(A+C)*-4B»] 
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Find  G,  G',  and  G''  by  trial  from  the  equations 


G'  =/+^ 


G 

(G- 
9 

■I) 

G' 

{h- 
9 

G') 

^"  -  ih  +  G")  (1  +  G") 


Approximate  values  are 


^  ='-kWZT) 


G'  =l-\- 


9 


l(h  —  l) 
G"=  ^ 


H)('+^) 

sin' «  =  %±^ 

From  the  tables  at  the  end  of  this  memoir,  with  the  argument  6,  take  out  the 
values  of  log  %,  log  ^',  and  log  ^. 


N  = 


(G  +  G")* 


P  = 


_    ^%: 


(G  +  G") 


'^  -  G  +  G" 

V  =  Q  -  PG" 

J,  =  a'«  COS*  9)'  [I  -  sin^  /  sin^  {v  +  i7)]  +  G" 

J2  =  ka'e'r  sin  (v  +  K)  —  J  a'*  cos*  q>'  sin*  /  sin  2  {v  ■\-  11) 

a'*  .  .  a'       .       '  . 

J,  =  —  cos*  <p'  sin  /  cos  I.  r  sin  (v  +  i7) c'  sin  /  sin  JJ.  r 

a  a 

F2  =  —  a'*  sin  9>'  cos  q>'  cos  J.  B  sin  e 

a'*   .  . 

Fj  zz sin  <p'  cos  9>'  sin  J.  r  cos  (v  +  i7).  B  sin  e 

R„  =  -N-QG'  +  VJi 
So  =  PFj  +  VJj 
Wo  =  PF,  +  VJ, 
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The  secular  variations  of  the  elements  will  be  given  by  the  following  equations: 
5^    I  ~ T+m ^^ ^' ^*    ^^° ».  Ro  +  (cos  V  +  cos E)  So 
'  [  ~dt  J^=7^co8  9>.M.[-co8t;.  R.+  {j^+  i  )  sine;.  S„] 
L  t  J^=  iq:^  sec  9'.  Mb  [  cos  1*.  W„  J 

'^"  *  L~^  J,,"  ^T^  ^^'"^'  ^"^  L "'"  **■  ^"  J 


[ti]=[tl--Kf] 


00 


[t]„=T^  «■[-  =  >] +  "'"■!•[§] 


00 


00 


EXAMPLE. 


Computation  of  the  Secular  Perturbations  of  Mercury  produced  by  the  Action  of  Venus. 
The  elements  of  the  two  planets,  adopted  for  the  epoch  1850.0,  are 


Mercury. 

Venus. 

n  =z  538ioi6''.26 

«'  =    2 1 0664 1  ".3  5  7 

e  zz  0.20560476 

e'  =  0.006843 1 1 

^-  75°     /   i3"-62 

a-'  =  129°  27'  42".83 

i=     7""     &     f.71 

i'  =      3°  23'  35".oi 

n  =  46^  33'   8'^63 

n'  =     75°  19'  53".o8 

log  a  =  9.5878217 

I 

log  a'  =  9-85933  7S 

5000000 

From  these  are  deduced 

/  =  4"  20'  42".98 
n  =  230°  39'  3i".39 
77' =  284°  54'     I ".18 


K  =305°  43'     2"46 

K'  =  305°  4/  57"-54 
\ogk  =  9.9988328 


log  k^  zz  9.9999176 
logC  =  5.3891826 
C  =  0.00002450 


The  circumference  is  now  divided  into  twelve  parts  with  respect  to  E,  the  eccentric 
anomaly  of  Mercury.     The  values  of  the  various  quantities  employed  in  the  computa- 
tion, computed  for  each  of  the  points  of  division,  are  tabulated  below.     The  result  of 
the  application  of  the  t^st,  mentioned  above,  is  given  at  the  foot  of  the  column,  opposite 
4 
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to  the  symbols  S  and  S',  whenever  it  is  supposed  to  be  useful.  The  numbers  given 
are  affected  with  asterisks  when  the  additions  have  been  made  on  the  numbers  which 
correspond  to  the  logarithms  in  the  column  of  values. 


E 


o 

30 
60 

90 

120 

150 

180 

210 

240 
270 
300 

330 

s  . 


E 

log.r 

1 

V 

A 

• 

log.B 

£ 

log.^ 

c 

1 

0 

/ 

II 

0 

/ 

II 

0 

9. 4878584 

0 

0 

0.00 

0. 61954395 

9. 3505444 

306 

25 

17.64 

3-90"5" 

30 

9. 5026623 

36 

32 

7.50 

0. 62743501 

9. 3671640 

342 

33 

14.83 

3. 07719 

60 

9. 5407098 

70 

50 

41.41 

0.6471 1632 

9. 4050438 

16 

26 

41.01 

3. 10312 

90 

9.5878217 

lOI 

51 

53-65 

0. 67563289 

9. 4506321 

47 

9 

9.28 

4.02085 

120 

9.6303194 

129 

46 

44.60 

0. 70650301 

9. 4909308 

74 

53 

39.98 

4.34050 

150 

9. 6589887 

155 

27 

29.02 

0.  73029576 

9. 5171866 

100 

32 

23.25 

4.40878 

180 

9.6690267 

180 

0 

0.00 

0.73831733 

9. 5249278 

125 

10 

50.07 

4.26384 

210 

9. 6589887 

204 

32 

30.98 

0. 72725905 

9. 5*30385 

149 

56 

52.18 

3. 81457 

240 

9.6303194 

230 

"3 

15.40 

0.  70124328 

9. 4833852 

175 

57 

47- 29 

2.05108 

270 

1    9.5878217 

258 

8 

6.35 

0. 66955948 

9.4412922 

204 

16 

31.00 

3  49971 

300 

9.  5407098 

289 

9 

18.59 

0.64185659 

9. 3963533 

235 

38 

26.28 

4-01534 

330 

9. 5026623 

323 

27 

52.50 

0. 62439830 

9.3618721 

270 

■ 

4 

31.93 

4. 1 1293 

S  .  - 

.... 

. 

»    • 

. 

4. 05458048 

6. 651 1853 

934 

32 

42.27 

•    «    •    * 

S'.   . 

i 

• 

m                 m 

• 

4. 05458049 

6. 651 1855 

1114 

32 

42.47 

•    •    «    • 

0.5^358611 

o.  52390824 
o. 52384405 

0.52344857 
0.52319735 

o. 52358284 
o. 52446108 
o. 52500793 
o. 52470763 
o. 52391066 
o. 52329644 
o. 52323371 

3. 14309266 
3. 14309195 


o. 09593335 
o.  10350226 

o. 12324776 

o. I 52 I 5982 

o.  18328117 

0.20668842 

0.2I383I75 

o.  20222662 
o.  17651115 
o. 14562431 
O.I  1 853565 
o. 11014009 

0.91 134083 
0.9II34I52 


G 


o. 52358255 
o. 52390770 
o. 52384345 

0.52344317 
0.52318503 

o.  52356739 
o. 52444981 

o.  52500408 

o. 52470757 
o. 52390907 

o.  52329155 
o.  52322784 

3. 14305996 
3. 14305925 


G' 


o.  09595277 
o. 10350501 
o.  12325033 
O.I  52 1 7839 
o. 18331632 
o. 20672755 

0.21385939 

o.  20223662 
O.I  765 1 133 
o.  14563005 
O.I  1855724 
o. 10117046 

o.  9«  144738 
0.91 144808 


G'' 


0.00001587 
0.00000220 
0.00000196 
0.00001317 
0.00002284 
0.00002368 
o.  00001617 
0.00000615 
0.00000012 
o.  00000414 
o.  00001670 
o.  00002450 

o.  00007386 
o.  00007384 


0 


c  / 

25  20 

26  23 

29  o 

32  37 

36  17 


// 


53.91 
25.40 

59.16 

46.67 

45-75 


38 

55 

52.65 

39 

41 

12.28 

38 

21 

51.22 

35 

27 

1.86 

31 

49 

7.12 

28 

25 

30.44 

26 

5 

20.74 

194 

13 

23.40 

194 

"3 

23.80 

log. 


o.  0667815 
o.  0726785 

o. 0888373 
o.  1 142938 
o.  .1442958 
o.  1687224 
o.  1762011 
o.  1632515 
o.  1369807 
o.  1082397 
o.  0850327 
0.0709442 

o.  6981291 
o.  6981301 
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E 

log.lt' 

log-W 

log.N 

log.P 

log.Q 

log.V 

log.  Ji 

0 
0 

0. 3610703 

0. 2748567 

9.0518226 

9. 9748963 

9. 6076810 

9.6076649 

9.  71 71 747 

30 

0. 3687562 

0. 2834450 

9.0869399 

0. 01 71829 

9.6511283 

9.6511261 

9. 7161627 

60 

0. 3897436 

0.3068691 

9. 1792740 

0. 1306114 

9.7669400 

9.7669380 

9. 7168407 

90 

0. 4225948 

0. 3434556 

9. 2994382 

0. 2842720 

9. 9240133 

9. 9240002 

9.7181351 

120 

0. 4609870 

0. 3860837 

9. 4147450 

0. 4383836 

0.0821545 

0.0821320 

9. 7186740 

150 

0.4919942 

0. 4204077 

9. 4960332 

0. 5500430 

0. 1974487 

0. 1974255 

9.7181915 

180 

0.501442 1 

0. 4308492 

9  5225000 

0. 5845071 

0.2336317 

0.2336158 

9.717175" 

210 

0. 4850679 

0. 4127493 

9.4887989 

0.5335312 

0. 1813804 

0. 1813744 

9. 7163236 

240 

0.4516579 

0. 3757381 

9.4055651 

0.4173882 

0. 0613858 

0.0613857 

9.  7162443 

270 

0. 4148054 

0. 3347895 

9.2928157 

0. 2691023 

9. 9083458 

9.9083417 

9.7i7i4'6 

300 

0.38481 18 

0. 3013686 

9. 1 761378 

0. 1234346 

9. 7587489 

9.  7587321 

9. 7183721 

330 

0. 3664971 

0. 2809213 

9.0860239 

0.0150988 

9. 6482341 

9. 6482093 

9. 7185270 

8  .  . 

2. 5497127 

2.0757654 

5.  7500445 

1. 6692212 

9.5105419 

9.5104685 

8.3044809 

8'.  . 

2.5497156 

2.0757684 

5.  7500498 

1. 6692302 

9. 5105506 

9.5104772 

8.3044815 

E 

log.  Ja 

log.  J3 

log.  Fi 

log.Fj 

log.Ro 

log.  So 

• 

log.  Wo 

0 
0 

117.4321671 

n  8. 3837285 

6.8088312 

«5.39'6432 

8.  77609 II 

fi  6. 6886872 

n  7. 9924224 

30 

116.7963083    118.5099324 

6.3966713 

ff  3. 88201 1 7 

8. 8092004 

»5.3»905i5 

118. 1610823 

60 

7.  2616976 

n 8. 4788955 

ft  6. 4096375 

114.9613828  • 

8] 9109724 

6.8580694 

n  8. 2461381 

90 

7.4216280 

»8  2575909 

»  6. 8C85040 

«  5. 6972542 

9. 0478487 

6.9002047 

«8. 1843223 

120 

7.  3047658 

6. 7021384 

M  7. 0283282 

w  5-9515414 

9. 1 783301 

N  6. 691 7105 

6.5600086 

150 

7.0091948 

8.3158080 

w  7. 0624655 

«  5- 9675881 

9. 2656128 

«  7. 3958789 

8. 5088240 

iSo 

6.  5998867 

8. 5688794 

« 6. 9899995 

«  5.  7539798 

9.2869000 

117.4874988 

8. 8010010 

210 

6.  5740806  '   8. 6552729 

M 6.  7653615 

n 5. 1245368 

9. 2427427 

117.1525123 

8. 8363593 

240 

6.8487789  i   8.6332314 

»5.883Ci6i 

4.0827215 

9. 1508864 

6. 7875671 

8.  C9 :644s 

270 

6.8412620 

8. 4906201 

6. 6079307 

«  5. 2855935 

9. 0333867 

7. 1 190054 

8. 3983398 

300 

116.6329728 

8.0916691 

6.8657465 

115.6718326 

8.9135270 

6. 8627036 

7.8465591 

330 

fi  7. 3581667 

n  7. 8939066 

6.9145405 

n 5. 6967794 

8.8179243 

n6.  2157912 

w  7. 5484891 

8 

1 

4. 2167070 

—0. 001989228*  4-0. 09268013* 
— 0. 0010&1IC6*'  -Uo.  oo^cXti?* 

8'  -  . 

4.2167156 

1  —  -:7— j-#  -  / 

-  Bo  cos  V 

£ 

Ro  sin  V 
-|-  So  (cos  V  -f  cos  E) 

+«»G 

**   4-1  )  sin  t 
co8«^^  y 

J     Wo  cos  u 

V 

7o  sin  « 

a 

0 
0 

—  0.00097660 

— 

0. 0597161 

—  0.00863059 

—  < 

3.00469931 

—  0.0948763 

30 

+  0.03833155 

— 

0.0518053 

—  0. 00610021 

—  ( 

5- 013 14386 

—  0. 1059427 

60 

+  0. 07755200 

— 

0.02541 15 

4-  0.00288259 

—  ( 

3.01738805 

—  0. 1461808 

90 

-f  0. 10909871 

+ 

0. 0245450 

4-  0.00991450 

—  < 

3.01163594 

—  0.  2232948 

120 

4-  0.1 1643388 

+ 

0. 0956574 

—  0.00033746 

+  ' 

3.  00013397 

-  0. 3325506 

150 

-f  0.08098430 

+ 

0. 1653789 

—  0.03219222 

—  ( 

3.  00226584 

—  0.4343200 

iSo 

-f  0.006145 10 

4- 

0. 1935976 

—  0.05554168 

—  ( 

0.03024215 

—  0.4668045 

210 

—  0.0701 1560 

+ 

0. 1603978 

—  0.041 18259 

—  ( 

3.  05487000 

—  0.4120403 

240 

—  0. 10947664 

4 

■  0.0895491 

—  0.00962480 

—  ( 

0. 04855987 

—  0. 3121865 

270 

—  0. 10595401 

4 

•  0.0195723 

4-  0.00719195 

— 

0. 02396722 

—  0.2159816 

300 

—  0.07680512 

■  0.0282224 

4-  0.00519678 

— 

0. 00472486 

-  0. 1470433 

330 

—  0.03941924 

-  0.052651 1 

—  0.00350168 

+ 

0. 00049010 

—  0. 1080923 

8  .  . 

4.  0.01287268 

4 

-  0. 2654541 

—  0.06605516 

— 

0. 10548027 

—  1.4996420 

8'.  . 

4-  0.01292565 

4 

-  0. 2654376 

—  0.06587025 

— 

0. 10539276 

-  I. 4996717 

4.  0. 02579833 

4 

-  0.5308917 

-  0. 13192541 

— 

0.21087303 

—  2.9993137 
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Dividing  the  numbers  at  the  foot  of  the  last  five  columns  by  1 2,  we  have  the 
average  values  of  the  several  functions  written  at  the  top.  And,  leaving  the  mass  of 
Venus  indefinite,  we  have 

log.  coeff. 

\j       =+       ii32i".28»»'  4.0538954 

[~       =+1133122"       m'  6.0542766 


[f]=- 


6o449".22  !»'  w  4.7813907 

00 


I  —      =  -    7926oV'.4    m'  n  5.8990565 

I—  -Jnn 


[—    I  =+1127210''       m'  6.0520049 

Jqo 

—    I  =—  1326648". 7    m'  W6.1227559 

dt    I 


[ 


The  eccentricity  e  is  supposed  to  be  expressed  in  seconds  of  arc;  if  the  variation 
in  parts  of  the  radius  is  wanted,  the  result  given  above  must  be  multiplied  by  the 
factor  whose  logarithm  is  946855749.  It  is  scarcely  necessary  to  add  that  the  unit 
of  time  is  the  Julian  year,  and  that  w'  must  be  expressed  in  parts  of  the  sun's  mass. 

If  we  adopt  Leverrier's  value  of  m\  viz,  w'  = ^ — ,  we  have  the  values  of  the 

401 047 

secular  variations  given  below.  Alongside,  for  the  sake  of  <5omparison,  I  put  Levemer's 
values,  deduced  from  the  series  expanded  in  powers  of  the  eccentricities  and  mutual 
inclination  of  the  plane  of  the  orbits.  {Annales  de  V Ohservatoire  de  Paris.  Meniaires. 
Tome  V,  pp.  6-7-21.) 

I^verrier'B  valuea. 

r  ^  1  =  +  o".028i73i  +  o".02823 


'00 

dn 


1   =  +  2^.805073  +  2^.8064 


[ 

\    j.\  =  — o".i504284  —  o".i5044 

[ 
[ 


dH'X  ,,  ,,    ^ 

—  =  -  I   .972403  -  I   .9702 

JqO 

-  =-3"-30i377  -3".3282 

-loo 
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Table  of  the  Vaities  of  Three  Elliptic  Integrals  employed  in  this  Memoir. 


6 


o 
O.O 

O.  I 

O.  2 

0.4 

0-5 
0.6 

ay 
0.8 
0.9 

:.o 

[.  I 
[.2 

3 
[.4 

•5 
[.6 

1.7 

[.8 

•9 

2.0 
2. 1 
2.2 

2.3 
2.4 

2.5 
2.6 

2.7 
2.8 

2.9 

3.0 
3.1 
3.2 

3-3 
3-4 

3.5 
3.6 

3.7 

3.8 

3.9 

4.0 
4.1 
4.2 

4.3 
4.4 

4.5 


Log-3R 


0.00000000 
00000099 
00000397 
00000893 
00001588 

0.00002481 
00003572 
00004862 
00006350 
00008037 

0.00009923 
00012007 
00014289 
00016770 
00019450 

o.  00022328 
00025405 
00028680 

00032155 

00035828 
0.00039699 

00043770 

00048039 
00052507 

00057174 

o. 00062040 
00067105 
00072368 
00077831 
00083493 

o.  00089354 
00095415 
00101674 
00108133 
001 I 479 I 

0.0012 1649 
00128706 
00135962 
00143419 
00151074 

0.00158930 
00166985 
00175240 
00183695 
00192350 

o.  00201206 


+  99 
298 

496 

69s 
893 

4-1091 
1290 
1488 
1687 
1886 

+2084 
2282 
2481 
2680 
2878 

+3077 
327s 
3475 
3673 
3871 

+4071 
4269 
4468 
4667 
48^ 

+5065 
5263 

5463 
5662 

5861 

-I-6061 
6259 
6459 
6658 
6858 

+7057 
7256 

7457 

7655 
7856 

+8055 

8255 

8455 
8655 

+8856 


Log.  a' 


0.27300127 

+199 

27300259 

198 

27300656 

199 

273OI318 

198 

27302244 

4-198 

o-  27303435 

199 

27304890 

198 

27306610 

199 

27308594 

199 

27310843 

4-198 

0-  27313357 

198 

27316136 

199 

273I9I79 

199 

27322487 

198 

27326059 

+199 

0. 27329897 

198 

27333999 

200 

27338366 

198 

27342998 

198 

27347894 

4-200 

0. 27353056 

198 

27358482 

199 

27364174 

199 

27370130 

199 

27376352 

+199 

0. 27382838 

198 

27389590 

200 

27396607 

199 

27403889 

199 

2741 1436 

4-200 

0. 27419248 

198 

27427326 

200 

27435670 

199 

27444278 

200 

27453'53 

+  199 

0. 27462293 

199 

27471698 

201 

27481369 

198 

27491306 

201 

27501509 

+  199 

0.2751 1977 

200 

27522712 

200 

27533712 

200 

27544979 

201 

27556512 

+199 

0.2756831 1 

+  132 

397 

662 

926 

1191 

+  1455 
1720 

1984 

2249 

2514 

+  2779 

3043 
3308 

3572 

3838 

-f  4102 

4367 
4632 
4896 
5162 

4-  5426 
5692 

5956 
6222 
6486 

4-  6752 
7017 
7282 

7547 
7812 

4-  8078 

8344 
8608 

8875 
9140 

+  9405 
9671 

9937 
10203 

10468 

+10735 
1 1000 
1 1267 

"533 
+"799 


4-265 
265 
264 
265 

4-264 
265 
264 
265 
265 

4-265 
264 
265 
264 
266 

4-264 
265 
265 
264 
266 

4-264 
266 
264 
266 
264 

4-266 
265 
265 
265 
265 

4-266 
266 
264 
267 
265 

4-265 
266 
266 
266 
265 

4-267 
265 
267 
266 
266 

4.266 


Log-W 


o. 


o. 


o. 


o. 


o. 


o. 


o. 


o. 


o. 


o. 


7609126 

7609275 

7609721 
7610465 
761 1507 

7612847 

7614484 

7616419 

761865 I 

7621 182 
7624010 

7627135 
7630559 

7634280 
7638299 

7642616 

7647231 
7652144 

7657355 

7662863 
7668670 

7674774 

7681177 

7687877 

7694876 
702173 

709768 
717662 

725853 

734343 

743" 32 

752219 
761604 

771288 

781271 

791552 
802132 

81 301 I 

824188 

835665 
847440 

8595 '5 
871888 

884561 

897533 
79^0805 


+  149 
446 

744 
1042 

1340 
+  1637 

'935 
2232 

2531 
2828 

+  3125 
3424 
3721 

4019 
4317 

+  4615 

4913 
521 1 
5508 

5807 

-f  6104 

6403 
6700 

6999 
7297 

+  7595 
7894 
8191 

8490 
8789 

4-9087 

9385 

9684 

9983 
10281 

+10580 
10879 
11177 

"477 
"775 

4-12075 

"373 
12673 

12972 
+'3272 


+297 
298 

298 

298 

4-297 
298 

297 
299 
297 

+297 

299 

297 
298 

298 

4-298 
298 
298 

297 
299 

+297 
299 
297 

299 
298 

4-298 

299 
297 

.  299 
299 

4-298 
298 

299 

299 
298 

+299 
299 

298 

300 

298 

4-300 
298 
300 

299 
300 

+299 
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Table  of  the  Values  of  Three  Elliptic  Integrals^  d:c. — Continued. 


5.8 

S'9 

6.0 
6.1 

6.2 

6.3 
6.4 

6.5 
6.6 

6.7 
6.8 
6.9 

7.0 

7.1 

7.2 

7.3 
7.4 

7.S 
7.6 

7.7 
7.8 

7.9 

8.0 
8.1 
8.2 

8.3 
8.4 

8.5 
8.6 
8.7 
8.8 
8.9 
9.0 


Log- It 


o.  00201206 
002 I 026 I 
00219516 
00228972 
00238628 

o.  00248484 

00258542 

00268799 
00279258 
00289917 

o.  00300777 
0031 1838 
00323100 

00334563 

00346228 

o.  00358093 
00370I6I 

00382430 
00394900 
00407572 

o.  00420446 

00433523 

00446801 
00460281 

00473964 

0.00487849 

00501937 

00516228 

00530721 
00545417 

o.  00560316 

00575419 
00590724 

00606233 
00621946 

o.  00637862 

00653983 

00670307 

00686835 
00703568 

o.  00720505 

00737646 
00754992 

00772543 

00790299 
o.  00808261 


+9055 

9255 
9456 

9656 

9856 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


0058 
0257 
0459 
0659 
0860 

I06I 
1262 

1463 

1665 
1865 

2068 

2269 

2470 

2672 

2874 
3077 

3278 

3480 

3683 

3885 

4088 
4291 

4493 
4696 

4899 

5103 

S305 

5509 

5713 
5916 

6121 

6324 
6528 

6733 
6937 

7141 

7346 

7551 
7756 
7962 


+'99 
200 

201 

200 

200 

-I-202 
199 
202 
200 
201 

-(-201 
201 
201 
202 
200 

+203 
201 
201 
202 
202 

+203 
201 
202 
203 
202 

+203 
203 
202 
203 
203 

+204 
202 
204 
204 
203 

+205 
203 
204 
205 
204 

4-204 
205 
205 
205 
206 

+204 


Log.  a' 


0.2756831 1 
27580376 
27592708 
27605306 
27618170 

0.27631302 
27644700 
27658365 
27672296 
27686495 

o.  27700961 

27715693 
27730694 
27745961 
27761496 

o. 27777298 

27793368 

27809706 
27826312 

27843186 

o.  27860327 

27877737 
27895416 

27913362 

2793>577 

o. 27950061 
27968814 

27987835 
28007126 

28026685 

0.28046514 
28066612 
28086980 
28107618 
28128525 

o.  28149702 
281 71 149 
28192866 
28214854 

282371 12 

o.  28259641 

28282441 
2830551 1 
28328853 
28352466 

o. 28376350 


+ 


+ 


+ 


4- 


+ 


+ 


2065 

2332 
2598 
2864 

3132 

3398 
3665 

393 « 
4>99 
4466 

4732 
5001 

5267 

5535 
5802 

6070 

6338 
6606 

6874 
7141 


7410 

7679 
7946 

8215 

8484 

8753 
9021 

9291 

9559 
9829 

-(-20098 
20368 
20638 
20907 
21177 

+21447 
21717 
21988 
22258 
22529 

4-22800 
23070 
23342 
23613 

+23884 


4-266 
267 
266 
266 
268 

4-266 
267 
266 
268 
267 

4-266 
269 
266 
268 
267 

4-268 
268 
268 
268 
267 

+269 
269 
267 
269 
269 

4-269 
268 
270 
268 
270 

4-269 
270 
270 
269 
270 

4-270 
270 
271 
270 
271 

4-271 
270 
272 
271 
271 

4-272 


Log.W 


o. 


o. 


o. 


o. 


o. 


o. 


o. 


o. 


o. 


o. 


7910805 

7924376 
7938246 

7952416 
7966886 

7981655 
7996725 

8012094 
8027763 

8043732 

8060002 

8076572 
8093442 

8II06I3 

8128084 

8145856 

8163929 

8182303 

8200978 

8219954 

8239231 
8258809 
8278689 
8298871 

8319354 

8340140 

8361227 

8382616 
8404307 

8426301 

8448597 

8471 196 

8494098 
8517302 
8540809 

m 

8564620 

8588734 

86I3I5I 

8637872 
8662897 

8688225 

8713858 

8739794 
8766035 

8792581 

88I943I 


+'357' 
13870 

141 70 

14470 

14769 

+  15070 
15369 
15669 
15969 
16270 

+16570 

16870 

17171 

I747» 
17772 

+18073 

18374 
18675 

18976 

19277 

+19578 
19880 
20182 
20483 
20786 

+21087 
21389 
21691 
21994 
22296 

+22599 
22902 
23204 

23507 
238 1 1 

4-241 14 
24417 
24721 
25025 
25328 

+25633 
25936 
26241 

26546 
+26850 


+299 

299 
300 

300 
299 

+301 
299 

300 

300 

301 

+300 
300 

301 
300 
301 

+301 
301 
301 
301 
301 

+301 
302 

302 

301 

303 

+301 
302 
302 

303 
302 

+303 

303 
302 

303 
304 

+303 
303 
304 
304 
303 

+305 
303 
305 
305 
304 

+305 
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Table  of  the  Values  of  Three  Elliptic  Integrals^  <&c, — Continued. 


0 

n 
9.0 

9.2 

9.4 

9.5 
9.6 

9.7 
9.8 

9.9 

[O.  O 
[O.  I 
[0.2 

10-3 
[0.4 

[O.S 
to.  6 
10.7 
[0.8 
[0.9 

:.o 
;.  I 
.2 

•3 
.4 

1.5 
.6 

1.7 
.8 

.9 

[2.0 
[2.  I 
[2.2 

[2.3 
2.4 

12.5 
2.6 
[2.7 
[2.8 
[2.9 

3.0 

'3-1 

13- 2 

'3-3 
13. 4 
'3-5 


Log- It 


o.  00808261 
00826427 

00844799 
00863376 

00882160 
o.  00901149 

00920344 
00939746 

00959354 

00979168 

0.00999190 
OIOI94I8 

01039853 

01060496 
OI08I346 

o.  01 102404 
01 123669 

OII45I43 

01 166825 

OII887I5 
O.OI2I08I4 

OI233I2I 
01255638 
01278363 

OI30I298 

o.  01324443 

OI347797 
01371361 

01395136 
01419121 

0.01443316 
01467722 

01492339 
01517168 

01542208 

0.01567459 
01592922 
01618598 
01644486 
01670586 

0.01696899 
01723425 
01 750165 
01 7771 18 
01804284 

o.  01831665 


-fi8i66 
18372 

18577 
18784 

18989 

+i9>95 
19402 

19608 

19814 
20022 

-I-20228 

20435 
2064^ 

20850 

21058 

4-21265 

21474 
21682 

21890 

22099 

+22307 
22517 
22725 

22935 
23145 

+23354 

23564 

23775 

23985 
24195 

+24406 
24617 
24829 
25040 
25251 

+25463 
25676 

25888 

26100 

26313 

+26526 
26740 

26953 
27166 

+27381 


+204 
206 
205 
207 
205 

+206 
207 
206 
206 
208 

+206 
207 
208 
207 
208 

+207 
209 
208 
208 
209 

+208 
210 
208 
210 
210 

+209 
210 
211 
210 
210 

+211 
211 
212 
211 
211 

+212 
213 
212 
212 
213 

+213 
214 

213 

213 
215 

+214 


Log.  It' 


o. 28376350 
28400506 

28424933 
28449633 

28474604 
o.  28499847 

28525363 
28551 152 

28577213 
28603546 

0.28630153 
28657034 

28684187 
2871 I6I4 

28739315 

o. 28767290 

28795538 

28824062 

28852859 

2888 193 I 

0.2891 1279 
28940901 
28970798 
29000971 
29031420 

o.  29062144 

29093144 

29I2442I 

29155974 

29187804 
0.292 199 1 1 

29252295 
29284956 
29317895 
2935IIII 

o. 29384605 

29418378 
29452429 

29486759 
29521368 

o. 29556255 
29591422 
29626869 
29662596 
29698602 

o.  29734889 


+24156 
24427 

24700 

24971 
25243 

+25516 
25789 

26061 

26333 

26607 

+26881 

27153 
27427 

27701 

27975 

+28248 
28524 

28797 

29072 

29348 

+29622 

29897 
30173 
30449 
30724 

+31000 

31277 

31553 
31830 

32107 

+32384 

32661 

32939 
33216 

33494 

+33773 
34051 
34330 
34609 
34887 

+35167 

35447 

•  35727 
36006 

+36287 


+272 
271 

273 
271 

272 

+273 

273 
272 

272 
274 

+274 
272 

274 
274 
274 

+273 
276 

273 

275 
276 

+274 

275 
276 

276 
275 

+276 

277 
276 

277 
277 

+277 
277 
278 

277 

278 

+279 
278 

279 
279 
278 

+280 
280 
280 

279 
281 

+281 


Log.i^r 


o. 18819431 
8846586 
8874046 
8901811 
8929881 

o.  18958257 

8986938 
9015925 

9045218 
9074818 

o.  19104724 

9134936 
9165455 

9196280 

9227413 

o.  19258853 
9290601 

9322656 

9355019 
9387690 

o.  19420669 

9453956 
9487552 

9521457 
9555671 

o. 19590195 
9625027 

9660170 

9695622 

9731384 

o.  19767457 

9803840 

9840533 
9877538 
9914854 

o.  19952481 
9990420 
20028671 
20067234 
20I06I09 

o.  20145297 
20184797 
2022461 I 
20264738 

20305178 

o.  2034593a 


+27155 

27460 

27765 

28070 

28376 

+28681 
28987 

29293 

29600 
29906 

+30212 

30519 
30825 

31133 
31440 

+31748 
32055 
32363 

32671 

32979 

+33287 
33596 
33905 
34214 
34524 

+34832 

35143 
35452 
35762 

36073 

+36383 

36693 
37005 

37316 

37627 

+37939 

38251 

38563 

38875 
39188 

+39500 

39814 
40127 

40440 
+40754 


+305 
305 
305 

305 
306 

+305 
306 

306 

307 
306 

+306 

307 
306 

308 

307 

+308 

307 
308 
308 
308 

+308 
309 
309 
309 
310 

+308 

311 
309 
310 

311 

+310 
310 
312 
3" 
3ii 

+312 
312 
312 

312 
313 

+312 
314 
313 
313 
314 

+315 
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Tc^le  of  the  Values  of  Three  Elliptic  Integrals^  dtc. — Continued. 


0 

o 

13.6 
13.7 
t3.8 
13-9 

[4.0 
[4.1 
[4.2 

14.3 
[4.4 

'4.5 
[4.6 

[4.7 
[4.8 

[4.9 

15.0 
[5.1 
5.2 

15.3 
[5.4 

[5.6 

(5.8 

159 

[6.0 
[6.1 
16.2 

16.3 
[6.4 

16.  s 
[6.6 
[6.7 
t6.8 
[6.9 

7.0 

7.1 
7.2 

7.3 
7.4 

7.5 
7.6 

7.7 

7.8 

7.9 
[8.0 


Lofrlt 


o.  01 83 1665 
01859260 
01887069 
01915093 

01943332 

0.0 197 1 786 
02000456 
02029341 
02058442 
02087759 

0.02 1 1 7293 
02147044 
02177012 
02207196 
02237599 

0.02268219 
02299058 
023301 14 
02361390 
02392884 

o.  02424598 

02456531 
02488683 

02521056 

02553649 

o. 02586463 
02619498 

02652754 

02686232 

027I993I 

o.  02753853 
02787997 
02822364 

02856954 
02891768 

o.  02926805 
02962066 

02997551 
03033262 

03069197 

0.03105358 

03141744 
03178356 

032 I 5 195 

03252260 

o.  03289552 


+27595 

27809 
28024 

28239 

28454 

-f  28670 
28885 

29IOI 

29317 
29534 

+29751 

29968 

30184 
30403 

30620 

+30839 
31056 
31276 

31494 
31714 

+31933 
32152 

32373 
32593 
32814 

+33035 
33256 
33478 

33699 
33922 

+34144 
34367 
34590 
34814 
35037 

+35261 
35485 
35711 

35935 
36161 

+36386 
36612 

36839 
37065 

+37292 


+214 
214 

215 

215 
215 

-f2l6 

215 
216 

216 

217 

+217 
217 

216 

219 

217 

+219 
217 

220 

218 

220 

+219 
219 

221 

220 

221 

4-221 
t2I 
222 
221 
223 

4-222 
223 
223 
224 
223 

4-224 
224 
226 
224 
226 

4-225 
226 
227 
226 
227 

4-228 


LogH' 


o.  29734889 

29771457 
29808305 

29845434 
29882845 

o. 29920537 

2995851 1 

29996767 

30035306 
30074127 

0.30113231 

301 52618 
30192288 

30232242 
30272480 

0.30313002 

30353809 
30394900 

30436277 
30477938 

0.30519886 
305621 19 
30604639 
30647445 
30690537 

0.30733917 

30777584 
30821539 

30865782 

30910313 

0.30955133 

31000242 

31045640 

31091327 
31137304 

I 

0.31183572 

31230129 
31276978 

31324118 

31371549 

o. 31419273 
31467288 

31515596 
31564196 
31613090 

o.  31662277 


4-36568 
36848 
37129 
37411 
37692 

+37974 
38256 

38539 
38821 

39104 

+39387 
39670 

39954 
40238 

40522 

-f4o8o7 
41091 

41377 
41661 

41948 

+42233 
42520 

42806 

43092 

43380 

+43667 

43955 

44243 

44531 
44820 

4-45109 

45398 

45687 

45977 
46268 

+46557 
46849 

47140 

47431 

47724 

+48015 
48308 
48600 
48894 

+49187 


4-281 
280 
281 
282 
281 

4-282 
282 

283 
282 

283 

+283 

283 
284 
284 
284 

4-285 
284 
286 
284 
287 

4-285 
287 
286 
286 
288 

4.287 
288 
288 
288 
289 

4-289 
289 
289 
290 
291 

4.289 
292 
291 
291 

293 

+291 

293 
292 

294 

293 

+294 


Log-I* 


o.  20345932 
20387001 
20428383 
20470080 
20512092 

o.  20554419 
20597061 
20640019 

20683293 

20726883 

o.  20770789 
208I50II 

.  20859551 

20904408 

20949582 

o.  20995075 
21040885 
2108 7013 

21 133460 
21 180226 

o.  21227312 

21274716 
2132244I 

21370485 
2 14 I 8850 

0.21467535 
21516542 

21565870 

21615519 

2166549I 

0.21 715784 
21766400 

2 I 81 7339 
21868601 

21920187 

o.  21972096 
22024330 
22076888 
22 I 2977 I 
22182979 

0.22236512 
22290371 

22344557 
22399069 

22453908 
o.  22509074 


-f4io69 
41382 
41697 
42012 

42327 
4-42642 
42958 
43274 
43590 
43906 

4-44222 
44540 

44857 
45174 
45493 

-f458io 
46128 

46447 
46766 

47086 

+47404 

47725 
48044 

48365 
48685 

+49007 
49328 
49649 

49972 

50293 

+50616 

50939 
51262 

51586 

51909 

+52234 
52558 
52883 
53208 

53533 

+53859 
54186 

54512 

54839 
+55166 


+315 
313 
315 
315 
315 

+315 
316 

316 

316 

316 

+316 
318 
317 
317 
319 

+317 
318 
319 

319 
320 

+318 
321 

319 
321 
320 

+322 
321 

321 

323 
321 

+323 
323 
323 
324 
323 

+325 
324 
325 
325 
325 

+326 

327 
326 

327 

327 

+327 
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TdbU  of  the  Values  of  Three  Elliptic  Integrals^  dc. — Continued. 


0  Log.  2(; 

o 

[8.  o  o.  03289552 

18. 1  03327072 

[8. 2  03364820 

18. 3  03402795 

18. 4  03440999 

18.5  0.03479432 
[8.6  03518094 
^8-  7  03556985 
[8. 8  03596106 

t8-  9  03635457 

[9.  o  o.  03675039 

19. 1  03714852 

[9. 2  03754897 

[9.3  03795172 

^9-  4  03835680 

[9.5  0.03876421 

t9.6  03917394 

t9-  7  03958601 

[9. 8  04000041 

[9.9  04041715 

20.  o  o.  04083623 

20. 1  04125767 

20. 2  04168145 

20.3  04210759 

20. 4  04253609 

20. 5  o.  04296695 

20. 6  04340018 

20. 7  04383579 

20. 8  04427377 

20.9  04471413 

21.0  0.04515687 

21. 1  04560201 

21.2  04604953 

21.3  04649946 

21.4  04695178 

21. 5  o.  Q4740652 

21.6  04786366 

21.7  04832321 

21.8  04878519 

21.9  04924959 
22.  o  o.  04971642 


+37520 
37748 

37975 
38204 

38433 

-1-38662 

38891 
39121 

39351 
39582 

+39813 
40045 
40275 
40508 
40741 

+40973 
41207 

41440 

41674 

41908 

+42144 
42378 
42614 
42850 
43086 

+43323 
43561 
43798 
44036 

44274 

+44514 
44752 
44993 
45232 
45474 

+45714 

45955 
46198 

46440 

+46683 


+228 
228 
227 
229 
229 

+229 
229 
230 
230 
231 

+231 
232 
230 

233 
233 

+232 
234 
233 
234 
234 

+236 

234 
236 

236 

236 

+237 
238 
237 
238 
238 

+240 

238 
241 

239 
242 

+240 
241 

243 
242 

243 
+243 


Log.  IL' 


0.31662277 

3' 711 758 

31 761533 
31811603 

31861968 

0.3 191 2628 
31963584 
32014835 
32066383 
321 18228 

0.32170369 
32222809 
32275546 
32328581 

32381914 

o-  32435547 
32489479 

325437" 

32598243 
32653075 

o.  32708209 

32763643 
32819380 

32875418 
32931759 

o.  32988403 

33045350 

33 I 0260 I 
33160157 
33218016 

o. 33276181 
33334651 
33393427 
334525 'o 

3351 1899 

0.33571595 

33631599 

3369I91I 

33752531 
33813460 

o. 33874699 


+49481 

49775 
50070 

50365 
50660 

+50956 

51251 

51548 

51845 
52141 

+52440 
52737 
53035 
53333 
53633 

+53932 
54232 
54532 
54832 
55134 

+55434 
55737 
56038 

56341 
56644 

+56947 

57251 

57556 

57859 
58165 

+58470 
58776 
59083 

59389 
59696 

4-60004 
60312 
60620 
60929 

+61239 


+294 

294 

295 

295 
295 

+296 

295 

297 

297 
296 

+299 

297 
298 

298 

300 

+299 
300 

300 
300 
302 

+300 

303 
301 

303* 
303 

+303 
304 
305 
303 
306 

+305 
306 

307 
306 

307 

+308 
308 
308 

309 
310 

+309 


Log.  Tf( 


o.  22509074 
22564567 
22620389 
22676538 
22733017 

o.  22789824 
22846961 
22904427 
22962223 

23020350 

o.  23078808 

23137597 

23196717 
23256170 

23315955 

o.  23376072 

23436523 
23497307 

23558425 

23619878 
o.  23681665 

23743787 

23806244 

23869038 

23932168 
o. 23995635 

24059439 
24123580 

24188059 

24252877 

o.  24318034 

24383530 

24449365 

24515541 
24582057 

o.  24648915 

24716113 
24783654 
24851537 
24919763 

o.  24988332 


+55493 
55822 

56149 

56479 
56807 

+57137 
57466 

57796 
58127 
58458 

+58789 
59120 

59453 
59785 
60117 

+60451 
•  60784 

61 1 18 

61453 
61787 

-(-62122 

62457 
62794 
63130 

63467 

+63804 
64141 

64479 
64818 

65157 

+65496 

65835 
66176 

66516 

66858 

+67198 

67541 
67883 

68226 
+68569 


+327 
329 
327 
330 
328 

+330 
329 
330 
331 
331 

+331 
331 
333 
332 
332 

+334 

333 

334 
335 
334 

+335 
335 
337 
336 
337 

+337 
337 
338 
339 
339 

+339 
339 
34J 
340 
342 

+340 

343 
342 

343 

343 

+344 


34S 
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Table  of  the  Values  of  Three  Elliptic  Integrals^  dkc. — Continued. 


24.4 


Log.  U; 


o.  04971642 
05018568 
05065738 

05113152 
05160810 

o.  05208714 
05256863 

05305259 
05353900 
05402789 

0.05451925 
05501310 

05550942 
05600824 

05650955 

o.  05701336 
05751967 
05802849 

05853983 
05905368 

0.05957006 
06008897 
06061041 
061 13440 
06166093 

0.06219000 
06272164 

06325583 
06379259 

06433192 
o. 06487383 

06541832 
06596540 
06651508 

06706735 

o. 06762223 
0681 7971 
06873982 

06930254 

06986790 
o.  07043588 


4-46926 

47170 

474M 
47658 

47904 

+48149 
48396 

48641 

48889 

49 '36 

+49385 
49632 
49882 
50131 
50381 

+50631 
50882 

5  "34 

51385 
51638 

+51891 
52144 
52399 
52653 
52907 

+53164 

53419 
53676 

53933 
54191 

+54449 
54708 
54968 

55227 
55488 

+55748 
56011 
56272 

56536 
+56798 


+243 
244 
244 

244 
246 

+245 
247 

245 
248 

247 

+249 

247 
250 

249 
250 

+250 
251 
252 
251 

253 

+253 
253 
255 
254 
254 

+257 

255 

257 

257 
258 

+258 

259 
260 

259 
261 

+260 
263 
261 
264 
262 

+265 


Log.  IJL' 


o.  33874699 

33936247 
33998106 

34060276 

34122757 

o.  34185549 
34248654 
34312071 

34375801 
34439845 

o. 34504203 
34568876 
34633863 
•34699»66 

34764785 

0.34830721 
34896973 
34963543 
35030431 
35097638 

0.35 165 163 
35233008 

35301 174 

35369659 
35438466 

o.  35507595 

35577045 
35646819 

35716915 
35787336 

o.  35858080 
35929150 
36000545 
36072266 
36144314 

0.36216688 
36289390 
36362421 
36435780 

36509469 
o.  36583488 


+61548 
61859 
62170 
62481 
62792 

+63105 

63417 
63730 
64044 

64358 

+64673 
64987 
65303 

65619 
65936 

4-66252 
66570 
66888 
67207 

67525 

+67845 
68166 

68485 

68807 

69129 

+69450 

69774 
70096 

70421 
70744 

+71070 

71395 
71721 

72048 
72374 

+  72702 

73031 

73359 
73689 

+74019 


Log-  W 


+309 

0. 24988332 

311 

25057245 

311 

25I265OI 

311 

25I96IO3 

311 

25266050 

+313 

0. 25336342 

312 

25406980 

313 

25477965 

314 

25549297 

314 

25620976 

+315 

0.  25693003 

314 

25765378 

316 

25838103 

316 

25911177 

317 

25984601 

+316 

0.  26058375 

318 

26132500 

3'8 

26206976 

3«9 

26281805 

3«8 

26356986 

+320 

0.  26432520 

321 

26508407 

319 

.26584648 

322 

26661244 

322 

26738195 

+321 

0. 2681 5501 

324 

26893163 

322 

26971 182 

325 

27049559 

323 

27128292 

+  326 

0. 27207385 

325 

27286835 

326 

27366646 

327 

27446816 

326 

27527347 

+  328 

0. 27608238 

329 

27689492 

328 

27771 107 

330 

27853085 

330 

27935426 

+330     1 

0. 28018132 

+68913 

69256 

69602 

69947 

70292 

+70638 

70985 
71332 
71679 

72027 

+72375 
72725 

73074 
73424 

73774 

+74125 
74476 
74829 
75181 
75534 

+75887 
76241 

76596 

76951 
77306 

+77662 
78019 

78377 
78733 
79093 

+79450 
79811 
80170 

80531 
80891 

+81254 
81615 
81978 
82341 

+82706 


+344 

343 
346 

345 
345 

+346 
347 
347 

347 
348 

+348 
350 

349 
350 
350 

+351 
351 
353 
352 
353 

+353 
354 
355 
355 
355 

+356 
357 
358 

356 
360 

+357 
361 
359 
361 
360 

+363 
361 

363 

363 

365 

+364 
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349 


Table  of  the  Values  of  Three  Elliptic  Integrals^  do. — Continued, 


Log.  U; 


30.0 


o-  0704358^ 
0710065 I 

07157978 
07215570 
07273428 

o- 0733 '552 

073^^3 
07448602 

07507528 

07566724 

o.  07626188 

07685923 
07745928 

07806204 

07866752 

0.07927573 
07988667 

08050034 
081 I 1676 

08173593 

o.  08235786 

08298255 

08361000 
08424024 
08487326 

o.  08550907 

08614768 

08678909 

o«74333i 
08808035 

o. 08873022 
08938291 
09003845 
09069683 
09135806 

0.09202216 
09268912 

09335895 
09403167 

09470728 

0.09538579 


+57063 
57327 

57592 
57858 

58124 

+58391 

58659 
58926 

59196 
59464 

+59735 
60005 

60276 

60548 

60821 

+61094 
61367 
61642 
61917 
62193 

+62469 
62745 
63024 
63302 
63581 

+63861 
64141 
64422 
64704 

64987 

+65269 

65554 
65838 

66123 

66410 

+66696 
66983 
67272 
67561 

+67851 


+265 
264 
265 
266 
266 

+267 
268 
267 
270 
268 

+271 
270 

271 

272 

273 

+273 

273 

275 

275 
276 

+276 
276 

279 

278 

279 

+280 
280 
281 
282 

283 

+282 

285 
284 
285 
287 

-f286 
287 
289 
289 
290 

+289 


.   Log.  IL' 


o.  36583488 
36657837 

36732517 
36807529 
36882873 

0.36958551 
37034561 
37110906 
37187586 
37264601 

0.3734195 1 
37419639 
37497663 
37576026 
37654727 

o-  37733767 
378i3'46 
37892866 

37972927 
38053330 

o.  38134075 
38215 163 
38296595 

38378370 
38460491 

o. 38542958 
38625771 
38708930 
38792438 
38876294 

o.  38960499 

39045054 
39129959 

39215215 
39300823 

o.  39386784 

39473099 

39559767 
39646790 

39734169 

0.39821903 


+74349 
74680 

75012 

75344 
75678 

+76010 

76345 
76680 

77015 
77350 

+77688 
78024 

78363 
78701 

79040 

+79379 
79720 

80061 

80403 

80745 

+81088 
81432 

81775 
82 12 1 
82467 

+82813 

83159 
83508 

83856 
84205 

+84555 

84905 
85256 

85608 
85961 

+86315 
86668 

87023 

87379 
+87734 


+330 

33 » 
332 
332 
334 

+332 
335 
335 
335 
335 

+338 
336 
339 
338 
339 

+339 
341 
341 
342 
342 

+343 
344 
343 
346 
346 

+346 
346 

349 
348 

349 

+350 
350 
351 
352 
353 

+354 
353 
355 
356 

355 
+358 


o.  28018132 
28101202 
28184636 
28268437 
28352603 

o. 28437137 
28522038 
28507307 
28692944 

28778951 

o.  28865328 
28952075 

29039193 

29126683 
29214546 

o.  29302781 

29391390 
29480373 
29569731 
29659465 

o.  29749575 
29840061 

29930925 

30022168 

301 13789 

o.  30205790 
30298170 

30390932 
30484075 

30577601 

0.30671509 
30765801 

30860478 

30955539 
31050986 

o.  31146819 

31243040 
31339648 
31436646 
31534032 

0.3 163 1808 


+83070 

83434 
83801 

84166 

84534 

+84901 

85269 

85637 

86007 

86377 
+86747 

871 18 
87490 

87863 
88235 

+88609 

88983 
89358 
89734 

901 10 

+90486 
90864 

91243 

9I62I 
92001 

+92380 

92762 

93143 
93526 

93908 

+94292 

94677 
95061 

95447 
95833 

+96221 
96608 

96998 

97386 

+97776 


+364 

364 

367 

365 
368 

+367 
368 

368 

370 

370 

+370 
371 
372 
373 
372 

+374 
374 
375 
376 
376 

+376 
378 
379 
378 
380 

+379 
382 

381 

383 
382 

+384 
385 
384 
386 

386 

+388 
387 
390 
388 
390 

+391 


3  so 
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Table  of  the  Values  of  Three  Elliptic  Integrals^  do. — Continued. 


! 

i 

Log.  S 

o 
30.0 

0.09538579 

30.1 

09606719 

30.2 

09675151 

30.3 

09743875 

30-4 

09812892 

30.5 

0. 09882202 

30.6 

09951807 

30.? 

1002 I 706 

30.8 

X0091901 

30.9 

10162393 

31.0 

0. 10233 1 82 

31. 1 

10304269 

3>.2 

10375655 

31.3 

10447341 

31.4 

105 19327 

31.5 

0.  X0591615 

31.6 

10664204 

31.7 

10737097 

31.8 

I 08 I 0294 

3^.9 

10883795 

32.0 

0. 10957602 

32.1 

11031715 

32.2 

11106136 

32.3 

11180864 

32.4 

1125590X 

32.5 

0. 11331248 

32.6 

I 1406906 

32.7 

I 1482875 

32.8 

"559157 

32.9 

1 163575 I 

33.0 

0. 1 1 712660 

33.1 

1 1 789884 

33.2 

I 1867424 

33.3 

I 1945281 

33.4 

12023456 

33.5 

0. 12101949 

33.6 

I 2 180762 

33.7 

12259895 

33.8 

12339350 

33.9 

12419127 

34.0 

0. 12499228 

+68140 

68432 

68724 
69017 

69310 
+69605 

69899 

70195 
70492 

70789 
+71087 

71386 

71686 
71986 
72288 

+72589 
72893 

73 '97 
73501 
73807 

+74' 13 
74421 
74728 

75037 
75347 

+75658 

75969 
76282 

76594 
76909 

+77224 
77540 
77857 
78175 
78493 

+78813 

79'33 

79455 

79777 
+80101 


+289 
292 

292 

293 
293 

+295 
294 

296 

297 

297 

+298 

299 
300 
300 
302 

+301 

304 

304 

304 
306 

+306 
308 

307 
309 
3'o 

+3" 
3" 
3'3 
312 
315 

+3'5 
316 

317 
3'8 
3'8 

+320 
320 
322 
322 

324 
+324 


Log.  1' 


0.39821903 

39909995 

39998445 
40087353 
40176420 

o.  40265948 

40355836 
40446086 
40536698 
40627673 

0.4071 901 2 
40810716 
40902785 
40995220 
41088023 

0.41 181 193 

4'274733 
41368641 

41462920 
4'55757o 

o. 41652592 

41747987 
4'843756 

41939899 
42036418 

0.42133312 

42230584 
42328234 
42426263 
42524671 

o. 42623460 
42722631 
42822183 
42922120 
43022440 

0.43123145 
43224237 

43325715 
43427582 

43529837 
o. 43632482 


+88092 
88450 
88808 
89167 
89528 

+89888 
90250 

90612 

90975 
91339 

+91704 

92069 

92435 
92803 

93' 70 

+93540 
93908 
94279 
94650 
95022 

+95395 
95769 

96143 
96519 

96894 

+  97272 
97650 
98029 
98408 

'  98789 

+  99'7' 

99552 

99937 
100320 

100705 

+  101092 
101478 
101867 
102255 

+102645 


+358 

358 

358 

359 
361 

+360 

362 
362 

363 
364 

+365 
365 
366 

368 
367 

+370 
368 
37' 
37' 
372 

+373 
374 
374 
376 

375 

+378 
378 
379 
379 
381 

+382 
381 
385 
383 
385 

+387 
386 

389 
388 

390 
+390 


Log.  'NT 


o.  3163 1808 

3' 72997s 
31828534 

3192748s 
32026829 

o.  32126567 
32226699 
32327226 
32428150 
32529470 

0.32631x88 

32733305 
32835820 

3293873s 
33042052 

0.33 '45  769 
33249889 
33354412 

33459339 
3356467' 

o.  33670409 

33776553 
33883164 

33990063 
3409743' 

o. 34205209 

343'3397 
34421997 

3453'oio 
34640435 

o. 34750275 
34860529 

34971200 
35082287 

35 '9379' 

0.35305714 
354'8o57 
35530820 
35644004 
35757610 

o. 35871639 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


98167 

98559 
989S' 
99344 
99738 

00132 
00527 

00924 
01*320 
01 718 

Q2117 
02515 
02915 

033' 7 
03717 

0412c 

04523 
04927 

05332 
05738 

06144 
06551 
06959 
07368 
07778 

08188 
08600 
09013 

09425 
09840 

10254 
10671 
11087 
11504 
11923 

'2343 
12763 

'3'84 
13606 

14029 


+391 
392 
392 

393 
394 

+394 
395 
397 
396 
398 

+399 
398 
400 
402 
400 

+403 

403 
404 

405 

406 

+406 
407 
408 
409 
410 

+410 
412 

4'3 
412 

415 

+414 

4'7 
416 

417 
419 

+420 
420 
421 
422 

423 
+425 
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351 


Table  oj  the  Valties  of  Three  Elliptic  Integrals^  dc. — Continued. 


Log.  U; 


3S-0 
35-1 
35.2 
35.3 
3S.4 

35.5 
35.6 

35*7 
35.8 
35.9 

36.0 
36.1 
36.2 

36.3 
36.4 

36.5 
36.6 

36.7 
36.8 

36.9 

37.0 

37.1 
37.2 

37.3 
37.4 

37.5 
37.6 

37.7 

37.8 

37.9 
38.0 


o.  12499228 

12579653 
12660404 

I 2741480 

12822884 

o.  1 29046 1 6 
12986677 
13069069 

i3'5»79i 
13234846 

o.  I33'8234 
13401956 
I 348601 3 

13570407 
»3655»38 

o. 13740207 
I 38256 I 5 
13911364 

13997455 
14083888 

o.  141 70664 

14257786 

'4345253 
14433067 

1452 I 228 

o.  14609740 
I469860I 

14787813 

14877378 
14967297 

o. 15057570 
I 5 148200 
15239186 

'5330530 
15422234 

o.  15514299 
15606725 
I 56995 14 
15792667 
15886186 

o.  1 5980071 


4-80425 

80751 
81076 

81404 

81732 

4-82061 
82392 
82722 

83055 
83388 

4-83722 

84057 

84394 

84731 
85069 

4-85408 

85749 
86091 

86433 
86776 

4-87122 

87467 
87814 

88161 

88512 

4-888^ 
89212 

89565 

89919 

.  90273 

4-90630 
90986 

91344 
91704 

92065 

4-  92426 
92789 

93 '53 

935 '9 

4-93885 


-I  - 


4-324 
326 

325 
328 
328 

4-329 
33' 
330 
333 
333 

4-334 
335 
337 
337 
338 

4-339 
341 
342 
342 

343 

4-346 

345 
347 
347 
35' 

4-349 
35' 
353 
354 
354 

4-357 
356 
358 
360 
361 

4-361 
363 
364 
366 
366 

4-368 


L<»g.  H' 


o.  43632482 
437355 '7 
43838944 

43942764 
44046978 

0.44151586 
44256589 
44361989 
44467786 
44573982 

0.44680577 

44787573 
44894971 

45002770 

45 1 10974 

0.45219582 

45328595 
45438015 

45547843 
45658080 

0.45768726 

45879783 
45991252 

*  46'03i35 
4621543' 

0.46328142 
46441270 
46554816 
46668779 
46783163 

o.  46897967 

470'3'93 
47128843 

47244916 
47361415 

o.  47478340 
47595694 
47713476 
47831688 

4795033' 
o.  48069407 


Log.  Tf( 


4- 


4- 


4- 


4- 


4- 


4- 


4- 


4- 


4- 


03035 

03427 
03820 

04214 

04608 

05003 
05400 

05797 
06196 

06595 

06996 

07398 

07799 
08204 

08608 


09013 
09420 
09828 

0237 
0646 

1057 
1469 
1883 
2296 
271 1« 

3128 

3546 

3963 

4384 
4804 

5226 
5650 
6073 

6499 
6925 

7354 
7782 

8212 

8643 
9076 


4-390 
392 
393 
394 
394 

4-395 
397 
397 
399 
399 

4-401 
402 
401 

405 
404 

4-405 

407 
408 

409 
409 

4-4" 
412 
414 

4'3 
415 

4-4' 7 
418 

417 
421 
420 

4-422 

424 
423 
426 
426 

4-429 
428 

430 

43' 

433 

4-434 


o.  3587'639 
35986093 

36100971 

36216275 

36332006 

o. 36448164 
36564752 
36681769 
36799216 
36917096 

o. 37035408 
37'54'53 
37273333 
37392949 
375 '3001 

o. 37633490 

377544'9 

37875787 

37997595 
381 19845 

o. 38242538 

38365675 
38489257 

•  38613284 
38737758 

o.  38862680 
38988052 

39"3873 
39240146 

39366871 

o. 39494050 
39621683 

39749771 

39878317 
40007320 

o. 40136783 
40266706 

40397090 

40527936 

40659246 

o. 40791022 


4- 


4- 


4- 


4- 


4- 


4- 


4- 


'4454 
14878 

'5304 

'573' 
16158 

16588 
17017 

'7447 
17880 

183 1 2 

18745 
19180 
19616 
20052 
20489 

20929 
21368 
21808 
22250 
22693 

23'37 
23582 

24027 

24474 
24922 

2537* 
25821 

26273 

26725 

27179 

27633 
28088 

28546 

29003 

29463 

29923 

30384 
30846 

3'3'o 
31776 


4-425 

424 
426 

427 

427 

4-430 
429 

430 
433 
432 

4-433 
435 
436 
436 
437 

4-440 

439 
440 

442 
443 

4-444 
445 
445 
447 
448 

4-450 
449 
452 
452 
454 

4-454 

455 

458 

457 
460 

4-460 
461 
462 
464 
466 

4-465 
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0 


Log.  U; 


Log.  a' 


o 

38.0 

38.1 
38.2 

38.3 
38.4 

38.5 
38.6 

38.7 
38.8 

38.9 

39.0 

39.1 
39.2 

39.3 
39.4 

39.5 
39.6 

39.7 

39.8 

39-9 

40.0 
40. 1 
40.2 

40.3 
40.4 

40.5 
40.6 
40.7 
40.8 
40.9 

41.0 

41. 1 
41.2 

41.3 
41.4 

41.5 
41.6 

41.7 
41.8 

41.9 
42.0 


o. I 598007 I 
16074324 
16168946 
16263938 
16359302 

o.  16455039 

1655 1 149 
16647635 
16744498 
I684I738 

o. "6939358 

17037358 
1 7135740 
17234506 

17333655 

o. I 7433 191 
I7533"3 
17633425 
1 7734126 

I 7835218 

0.17936703 
18038582 
18140857 
18243528 
18346598 

o.  18450067 

18553938 
1 86582 1 1 
18762888 
18867971 

o. 18973461 

19079359 
19185668 

19292387 

19399520 

o. 19507068 
I 96 I 5032 

19723413 
19832214 

19941435 
0.20051079 


+  94253 
94622 

94992 

95364 

95737 

-f  961 10 
96486 
96863 

97240 
97620 

-|-  98000 
98382 
98766 

99149 
99536 

-f  99922 
100312 
I 0070 I 
10x092 
101485 

4-101879 
102275 
102671 
103070 
103469 

+  103871 

104273 
104677 

105083 

105490 

+105898 
106309 
106719 

107133 
107548 

+107964 
108381 

108801 

I 0922 I 

+109644 


+368 

369 
370 
372 
373 

-f-373 
376 

377 

377 
380 

+380 
382 
384 
383 
387 

+386 
390 
389 
391 
393 

-f394 
396 
396 

"  399 
399 

+402 
402 
404 
406 

407 

+408 

411 

410 

414 
415 

+416 

417 
420 
420 

423 
+423 


0.48069407 
48x88917 
48308861 
48429242 
48550060 

0.48671317 

48793013 

48915151 

49037731 
49160754 

o. 49284223 
49408138 
49532500 
49657311 
49782573 

o. 49908285 

50034451 

50I6I070 
50288146 

50415678 

o.  50543668 
50672 II 8 
5080x028 
50930401 
51060238 

0.5 1 190540 

51321309 
51452545 
51584251 
51716428 

0.51849077 
51982200 

52115798 
52249873 
52384426 

0.52519459 
52654974 

52790971 
52927452 

53064419 
0.53201874 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


19510 

19944 
20381 

20818 
21257 

21696 
22138 
22580 
23023 

23469 

23915 
24362 
24811 
25262 
25712 

26166 
26619 
27076 

27532 
27990 

28450 
28910 

29373 
29837 
30302 

30769 
31236 
31706 

32177 
32649 

33123 
33598 

34075 
34553 
35033 

35515 
35997 
36481 
36967 

37455 


+474 
475 
477 
478 
480 

+482 
482 

484 

486 

488 

+488 


Log.  'NT 


+434 

0. 4079x022 

434 

40923263 

437 

41055971 

437 

41189148 

439 

41322794 

+439 

0.4 14569 II 

442  • 

41591500 

442 

41726562 

443 

41862099 

446 

419981x2 

+446 

0.42134601 

447 

4227x569 

449 

42409016 

451 

42546944 

450 

42685353 

+454 

0. 42824247 

453 

42963624 

457 

43103488 

456 

43243839 

458 

43384678 

+460 

0. 43526007 

460 

43667827 

463 

43810140 

464 

43952947 

465 

44096248 

+467 

0. 44240047 

467 

4^384343 

470 

44529139 

471   , 

44674435 

472 

44820234 

o. 44966536 

451 13343 

45260656 

45408477 
45556808 

0.45705649 
45855002 

46004869 

46155251 

46306150 

0.46457566 


+132241 
132708 

133177 
133646 
134117 

+134589 

135062 

135537 

136013 
136489 

+136968 

137447 
137928 
138409 

138894 

+139377 
139864 

140351 
140839 

141329 

+141 820 

142313 

142807 

143301 
143799 

+144296 
144796 
145296 
145799 

146302 

+146807 
147313 

14782 I 

148331 
X4884I 

+149353 
149867 
150382 

150899 

+151416 


+465 

467 
469 
469 
471 

+472 

473 

475 
476 

476 

+479 
479 
481 
481 

485 

+483 

487 

487 
488 

490 

+491 
493 
494 

,  494 
498 

+497 
500 

500 

503 
503 

+505 
506 

508 

Sib 

510 

+512 
514 
515 
517 

517 

+521 
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46.0 


I^g.  U; 


0.20051079 
20161146 
20271640 
20382560 
20493910 

o. 20605689 
2071 7901 
20830547 
20943628 
21057146 

0.21 171 103 
21285500 
21400340 
21515623 

21631353 

0.21747529 
21864155 

21981232 

22098761 

22216746 

0.22335186 
22454085 

22573443 
22093264 

22813548 

o. 22934298 

230555 '5 
23177202 

28299360 
2342i99> 

o. 23545097 
23668681 

23792744 
23917287 

24042314 

o.  24167826 
24293825 
24420313 

24547292 

24674765 

o. 24802732 


+ 


+ 


+ 


+ 


+ 


+ 


-f 


+ 


+ 


0067 

0494 

0920 
«35o 
>779 

2212 

2646 
3081 
35'8 
3957 

4397 
4840 

5283 
5730 
6176 

6626 
7077 

7529 

7985 
8440 

8899 
9358 
9821 

20284 
20750 

21217 
21687 
22158 
22631 
23106 

23584 
24063 

24543 
25027 

25512 

25999 
26488 

26979 

27473 
27967 


+423 

427 
426 

430 
429 

+433 
434 
435 
437 
439 

4-440 

443 

443 

447 
446 

+450 

45 » 
452 
456 

455 

-f459 

459 

463 

463 
466 

+467 
470 
471 
473 
475 

+478 

479 
480 

484 
485 

+487 
489 
491 
494 
494 

+499 


o. 


o. 


o. 


o. 


o. 


o. 


o. 


o. 


Log.  1' 


o. 


680I4II 
69521 19 
7103361 

7255138 
7407452 

7560305 

7713699 
7867637 

80221 19 

81 77148 
8332726 

8488855 
8645536 

8802773 
8960566 

9II89I9 


+ 


+ 


+ 


3201874 

3339817 
3478252 
361 71 78 

3756598 
3896513 

4036926 

4177837 
4319248 

4461 161 

4603577 

4746499 
4S89928 

5033865 
5178312 

5323272 

5468745 
5614734 

5761239 
5908264 


60558x0 

6203878  + 

6352470 
6501589 
6651235 


+ 


+ 


+ 


+ 


+ 


37943 

38435 
38926 

39420 
39915 

40413 
4091 1 

41411 

41913 
42416 

42922 

43429 

43937 

44447 
44960 

45473 
45989 
46505 
47025 

47546 

48068 

48592 
491 19 
49646 

50176 

50708 
51242 
51777 
52314 
52853 

53394 
53938 
54482 

55^9 
55578 

56129 
56681 

57237 
57793 
58353 


+488 
492 
491 
494 
495 

+498 
498 
500 
502 

503 

4-506 

507 
508 

510 

513 

+513 
516 

516 
520 

521 

4-522 
524 
527 
527 
530 

+532 
534 
535 
537 
539 

+541 
544 
544 
547 
549 

+551 
552 
556 

556 
560 

4-560 


Log-  W 


+ 


o.  46457566 
46609503 
46761960 
46914941 
47068445 


0.47222475 

47377033 
47532119 
47687736 
47843885 


0.48000568 

48157786 

48315541 

48473835 
48632668 

o.  48792044 

48951963 
491 12427 

49273438 
49434998 

o.  49597108 

49759770 
49922985 
50086756 
50251085 

o.  50415972 
50581420 

50747431 
50914006 

51081147 

0.51248857 

51417136 
51585987 
51755411 
51925411 

o. 52095988 

52267145 

52438882 

5261x203 

52784109 

o.  52957601 


+ 


+ 


+ 


+ 


+ 


+521 

51937 

520 

52457 

52981 

524 

523 

53504 

526 

54030 

54558 
55086 

+528 
528 

55617 

531 

56149 

532 

56683 

534 

57218 

+535 

537 

57755 

58294 

539 

58833 

539 

59376 

543 

+543 

59919 

60464 

545 

61011 

547 

61560 

549 

62110 

550 

62662 

+552 

63215 

553 

63771 

556 

64329 

558 

64887 

558 

65448 

66011 

66575 
67141 

67710 
68279 

68851 
69424 

70900 

70577 

71157 

71737 
72321 

72906 

73492 


4-561 

563 
564 

566 
569 

+569 

572 

573 
576 

577 

4-580 
580 

584 

58s 
586 

+590 
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46.5 
46.6 

46.7 

46.8 

46.9 

47.0 

47.1 
47.2 
47.3 
47.4 

47.5 
47.6 

47.7 
47.8 

47.9 

48.0 
48.1 
48.2 

48.3 
48.4 

48.5 
48.6 

48.7 
48.8 

48.9 

49.0 

49.  > 
49.2 

49.3 
49.4 

49.5 
49.6 

49.7 
49.8 

49.9 
50.0 


Log.  U; 


o.  24802732 
24931 198 
25060163 
25189629 
25319600 

o.  25450076 
25581060 

25712555 

25844563 
25977085 

o. 26110124 
26243682 

26377762 
26512366 
26647496 

0.26783154 
26919343 

27056066 

27*93323 

2733" '9 
o.  27469455 

27608333 
27747757 

27887729 
28028250 

o.  28169324 

28310953 
28453140 

28595887 

28739197 

o. 28883072 

29027515 
29172528 
293I8II5 
'29464278 

o.  29611019 

29758342 

29906249 

30054742 

30203826 
o. 30353501 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


-f 


28366 

28965 

29466 

29971 
30476 

30984 

3H95 
32008 

32522 
33039 

33558 
34080 

34604 
35130 
35658 

36189 

36723 
37257 
37796 
38336 

38878 

39424 
39972 
40521 

41074 

41629 
42187 

42747 
43310 

43875 

44443 
45013 
45587 
46163 

46741 

47323 

47907 

48493 
49084 

49675 


-f499 

499 
501 

505 
505 

4-508 

511 

513 
5>4 
517 

+519 
522 

524 
526 

528 

+531 
534 
534 

539 
540 

+542 
546 
548 
549 
553 

+555 
558 
560 

563 
565 

4-568 
570 

574 
576 
578 

4-582 

584 
586 

591 
4-591 


Log.  1' 


o.  59118919 

59277832 
59437308 

59597349 
59757958 

0.59919*35 
60080884 

60243207 

60406106 

60569582 

o. 60733638 
60898277 
61063500 
61229309 
61395708 

0.61562698 
6 1 73028 1 
61898460 
62067237 
62236615 

o. 62406596 
62577181 

62748374 
62920177 

63092592 

o. 63265622 

63439270 

63613537 
63788426 

63963939 

0.64 1 40080 
643 I 685 I 
64494254 
64672292 
64850967 

o. 65030283 
652I024I 

65390844 
65572096 

65753999 

o. 65936555 


4- 


+ 


+ 


+ 


4- 


+ 


+ 


+ 


+ 


58913 
59476 
60041 
60609 
61 1 77 

61749 
62323 
62899 

63476 
64056 

64639 
65223 

65809 

66399 

66990 

67583 
68179 

68777 
69378 
69981 

70585 

7"  93 
71803 

72415 
73030 

73648 
74267 
74889 

755*3 
76141 

76771 

77403 
78038 

78675 
793*6 

79958 
80603 

81252 

81903 

82556 


4-560 

563 

565 
568 

568 

+572 
574 
576 

577 
580 

+583 
584 

586 

590 

59* 

+593 
596 

598 

601 

603 

4-604 
608 
610 
612 

6*5 

4-618 
619 
622 
624 
628 

4-630 
632 

635 

637 
641 

4-642 

645 
649 

651 

+653 


Log-  V 


o. 52957601 

53*3*683 

53306356 
5348I62I 

53657482 

o. 53833939 
54010996 

54*88653 

54366914 
54545780 

o.  54725253 

54905336 
55086030 

55267338 
55449262 

o.  5563*803 

55814965 

55998750 
56I83I59 

56368194 

o.  56553859 

56740156 

56927086 

57**4651 
57302856 

0.57491700 
5768II88 
5787*321 

58062102 

58253533 

o. 58445616 

58638354 

58831750 

59025806 

59220524 

o. 59415907 

5961 1957 
59808677 

60006070 

60204138 

o.  60402883 


-f 


+ 


+ 


+ 


-f 


-f 


+ 


+ 


-f 


74082 

74673 
75265 

75861 

76457 


+590 

591 
592 
596 
596 


77057 

77657 
78261 

78866 
79473 

80083 
80694 
81308 
81924 
82541 

83162 

83785 

84409 

85035 
85665 

86297 
86930 

87565 
88205 

88844 

89488 

90*33 
90781 

9*43* 
92083 

92738 
93396 
94056 
947*8 
95383 

96050 
96720 

97393 
98068 

98745 


•4-600 
600 


604 
605 
607 

4-610 
611 
614 
616 
617 

4-621 
623 
624 
626 
630 

+632 
633 

635 
640 

639 

4.644 

645 
648 

650 

652 

+655 
658 

660 

662 

665 

+667 
670 

673 

675 

+677 


o 


ADDENDUM. 


Since  the  preceding  portion  of  this  memoir  was  in  type  it  has  occurred  to  me  that 
some  of  the  processes  might  be  modified  with  advantage. 
First,  the  roots  of  the  equation 

x[(x  —  A)  (a;  +  C)  +  B2]  +B-Csin2fzzo 
can  be  obtained  by  the  well-known  trigonometric  method.     If  we  put 

pzzl(A-C) 
il^  =  ])'--(W-AC) 
r  =  -  p  (p^—  3  q^)  +  -  B^  C  sin^  € 

2  2 

sm  9  iz  r  zz  — - 

q 

and  if  G  is  taken  between  the  limits  db  90*^,  the  three  quantities  G,  G',  and  G''  are 
given  by  the  equations 


G    =  2  q  sin  f  60° )  +  P 

G 

G'  =1  2  q  sin  — f-  p 

3 
G''  =  2qsin('6o^  +  -')-p 


From  these  equations  we  derive  the  following : 

G  +G"  =  2V3qcos- 

3 


G'  +  G"  =  2  V3  q  cos  ^60°  -  ^^ 
G  -G'=2V3qc^s(6o°  +  f) 


If  these  values  are  substituted  in  the  equations 

'r._    F  +  JG^+/G^^  p..  _  -  F  +  JG^^  - /G"^ 

-(G'  +  G-)(a-GO  "-(G  +  G")(G'  +  G") 
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we  obtain 

F  +  Jp+/(p^+2q2)  +  2(J  +  2/p)q8inf-2/q^C08^© 
I-* o o 

1 2  q^  cos  I  60° \  cos  (  60°  +  -  ) 

_[F+Jp+/(p='+2q^)]+2(J  +  2/p)q8in('6o°+|V2/q^C08^i2O^+^9^ 


r'  = 


1 2  q''  cos  -  cos 
^         3 


(--D 


Or,  since  we  have 


cos  0  =  4  cos  -  cos  I  60° i  cos  I  60°  H —  i 

3         V  3/         V  3/ 

[F  +  J  p  +/(p'  +  q')]  cos  ^  +  (J  +  2/p)  q  sin  ^  0 

j^ 3 3     \  f 

~  3  q''  cos  (9  3 

-[F  +  Jp+/(p='  +  q=')lcos('6o°+^V(J+2/p)q8m('i20°  +  j(9^      ^ 
~  3q^"cos"0  "3 

From  these  equations  we  derive 

[F  +  Jp  +/(p2  +  q2)]  sin  ?+  (J  4-  2/p)  q  cos  -  © 

r  +  2  r'  +/= — -r—^^—^ ^-~ 

V  3  q  cos  0 
[F  +  Jp+/(p^  +  q=')]8in('6o°  +  f)  +  (J  +  2/p)qco8('6o°-|e') 

2r+r'+/= . — ■ ^    ,    J   a ■■ — ^^ —- 

V 3  q  cos  B 
The  values  of  Ro,  So,  and  Wo  are  given  by  the  integral 


'i  [r  +  2  r'  +  /]  cos' T  +  [2r +  r^+/]sin'T 

71    I       (2  a/T  qH  Fcos  ^  cos^*  T  4-  cos  (60°  +  -  ^  sin^'  Tli 


0 


(2  V3  q)^  [cos  ^  cos^  T  +  cos  (ed^  +  -  ^  sin-  T] 


rfT 


provided  we  attribute  to  F,  J,  and  /  the  values  they  severally  have  in  each  case. 
Let  us  put 

-  n^  =  cos  (^60^  +  ?") 


m^  n:  cos 


a  z= 


_  F  +  Jp+ZCp^  +  q")  ^  _  J+2/p 

6;yi2q^  6;yi2qf 
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Then  the  integral,  just  given,  takes  the  form 

-     /       r^sin^+bcos-^  ©Icos'-T+fasin^'eo^  +  ^^+bcos^'eo^-"©'^^ 

"^J^  ~~  c~os0~[m2"cos-^T  +  n«8in2"T]J  ^^ 

In  the  second  place  Gauss's  processes  for  approximating  to  the  values  of  the 
integrals  may  be  employed  instead  of  those  of  Legendre.  The  equation  between 
definite  integrals 


sin*  T) 


may  be  easily  transformed  into 


J     [m-^  cos"  T  +"n*  sin*  T]  h~  J^      [m'-  cos*  T  +  n'*  sii 


sin*T]i 
where 


when  we  remember  that 


m'  =  J  (m  +  n) 

^'  =  V^^in 

m*  -  n* 

^,  _  m  -  n 

m; 

m  +  n 

If  this  mode  of  transformation  is  continued,  and  we  compute 

m''  =  A  (m'  +  n' )         n''  -  ^m'  n' 

m'''  =  \  (m''  +  n'O         i^"  =  ^^m!''^" 

the  series  of  quantities,  m,  m',  m'',  etc.,  and  n,  n',  n",  etc.,  converge  very  rapidly 
toward  a  common  limit  >u,  which  Gauss  has  called  the  arithmetico-fjeametrical  mean 
between  m  and  n.     Then, 

2  '  rl rfT_  _  ^ 

ttJ^      [nr  cos^  T  +  n^  sin^  t]  i  ~  >u 
The  equation 


2 

7t 


r\        A  +  B  sin^  T  ,rr       tz\  ^    ^^  c        r^      c' c''      c' c""  d^  ^  H 


on  putting 


m  m 
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is  readily  transformed  into 


2 


sin='  T  -  cos*  T 


[m''co8''T+n''8in='T]i 


'=i[ 


rfT= 


m  —  n  m  —  n        m  —  n 

I  f- 

2(m  +  n)       2(m  +  n)  2(m'+n') 


] 


The  series  within  the  brackets  may  be  denoted  by  v.     It  can  be  transformed  as 
follows: 


9  9  9  9/9  /•» 

m^  —  n'^  ,   ni"  —  n*-     m  ^  ■—  n  - 

V    —  h 

8  in  "  8  m  - 


8  m 


"^     "^  '  8  m' 


m"''  —  n*     m'"'  —  n'*     m"*  —  n"* 


8  m 


in 


8  m 


111% 


I      •    •    •    • 


_  m*  —  n^      m*  —  n*      (m-  —  n-)-     ,   m'^  —  \^      (m"  —  n*)'^       (m'*  —  n'*^* 
r,     +— — /,        1 28ln^m"^  "•"  ^8  m'^  "     i  28"ni'^  m''*     i28m"='m 


8  m 


'2 


8  111 


//2  -v^'^/2     '        *     *    ' 


As  this  mode  of  transformation  may  be  continued  indefinitely,  it  is  plain,  that  if 
we  compute  the  series  of  quantities 


A  z=  i  V  (m'  -  n') 


m 


1/2 


//2 


r'  =  - 


m 


/// 


we  shall  have 


y  zz 


2  A'2  +  4  A''-  +  8  r'"'  +  ^ 


Tlie  equation 

•;  I  -  2  sin-  T  +  (r  sin^  T  ^^rp 
0      '      [7  -rsin^fjt   "^ 
is  readily  transformed  into 

*2    nr  cos*  1  —  n-  snr  1 


/ 


zz  O 


/ 


IT  = 


o 


nr  cos-  1  +  n-  sni-  J  J  •-• 


Whence  we  conchide  that 


TT     fh  cos-  T 

2/  r      9  •>  rv\      I  9      •     •>  rm  "1  ^     ■■■ 

J ^     \\\v  COS-  1  +  ir  snr  T]  •-• 


I    +  V 
2  W?  Id 


1  —  y 


/^ 


Substituting  these  values  in  the  general  integral  expression  for  R®,  8®,  and  W^ 
we  get 


R«,  S«,  or  W 


0 


a     Fi 
""  cos  9  [^ 


j^  y  e        \  —  y 

-  -  tan     + 

2  fi  .  2>  2  // 


-f 


cos  0 


2  ^ 

COS     0 

2/i        e    "^ 

'^     COS  - 

3 


tan  (6o°  +  ^  )1 

50S  (eo""  —  -^) 
2  ^    cosYeo^  +  M 
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3^9 


This  expression  presents  the  inconvenience  of  taking  the  indeterminate  form  o  when 
the  modulus  c  vanishes  and  when  5  =  —  90°.     This  is  avoided  by  putting      o 


""  "64  A'-^ 


where  we  recall  that 


X'  =  L^  cos  (60"  -  f ) 


and  transforming  the  expression  into  the  shape 

sin 


a 


in  I  60°  —      j  —  J/'  ^  -j-  cos  ^  cos 


4  //  cos 


e 


(■ 


^  '^  cos*  (  60°  +  ^ 


) 


+  b 


9 
3 


{50°  -\-^\-y'  81 


sin  6 


4  M  COS^       COS' 

3 


e  -^  I 


This  may  be  written,  if  we  choose,  in  the  briefer  manner 


sin  (^60°  --)-y' 
a        ^ 3/ +b 


i  +  m*  n^  -  k'  sin  0 


4  m*  n*  yu 


4  m*  n^  >u 


The  factors  of  a  and  b  in  this  expression  are  functions  of  r,  and  their  common 
logarithms  might  be  tabulated  with  r  as  the  argument. 
We  will  now  put 


sin  (  6o°  —      )—y' 


24  Vr 


2  m*  n^  jLi 


^(r)  = 


_  i  +  m''  n*  —  »''  sin  0 


4V 


12  m*  n*yu 


as  also 


Then,  if 


B  sin  e 


y   _       W-  AC 

3  a  ^  cos^  9> .  q 

Fg  =z  —  tan  9>'  cos  I. 


To  =  —  tan  <2>  sm  1.  -  cos  Iv  +  //). 

^  a         ^  q 

Ji  =  I  —  sin^  I  sin^  (v  +  U) j^ — ^ — 7 

Jo  =  A:a  —  ^,  -  sin  (t;  +  K) sin^  I  sin  2  Iv  +  U) 

cos  9>  a        ^  2  V     I       / 

T  •      T  T   ^     •      /       .     rT\  t^"  9^'    •      T     •      rr    ^ 

Ji  z=  am  I  cos  I.  -  sm  (v  +  n)  —a ^  sm  1  sm  i/ .  -5 

•  a        ^     '       '^  COB  ^  cr 
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where  a  denotes  -, ,  we  shall  have  the  followino^  equations 

''-  R^   =z  a^  0'^'  cos^  <p\  r  (fl  [F,  X  (r)  +  Ji  V] 
r 

-  So    =  a'  a"  cos^*  <p'.  /•  q-2  [F^  x  (r)  +  J^V] 

T 

^  Wo  =  cr  a''  cos^  cp\  r  q'l  [F,  x  (r)  +  J3  V] 

Why  we  multiply  the  members  of  these  equations  by  -  will  presently  appear. 

A  third  modification,  which  seems  advantageous,  is  to  apply  the  process  of 
mechanical  quadratures  to  the  quantities  -  Ro,  -  So,  and  -  Wo,  instead  of  applying  it 
to  the  variations  of  the  elements.  If  we  multiply  the  factors  of  Ro,  So,  and  W©,  in 
the  expressions  for   the  variations  of  the  elements,  by  the  factor     ,  they  become 


a 


integral  functions  of  sin  E  and  cos  E.     And  thus  we  have 


[4^1    =  -""—  M,  fcos  9>sin  E.  -R^  +  (^-^e  +  2  cosE  -  ^  cos  2  E^  ?Sol 

e  f'^/l    =  -^^  M,  [-  cos^(cosE-e)~  Ro4-  ((2  -  e')  sin  E  --sin  2E  VSol 

[-_  -  I    =, Mg  I  (—  tan  9>  cos  a?  +  sec  q)  cos  a?  cos  E  —  sin  a?  sin  E)  -  W©  I 

in  i  I  — ,-  I    zz  —     -Me  I  (— tan  fl)  sin  tt?  +  sec  a>  sin  a?  cos  E  +  cos  a?  sin  E)  -  Wo  I 
L  di  Joo      1+m        L^  r       J 

f- 2  ^R^i  z=  j^^  M,  r^- (2 + o 


m  n  T^r 

M„ 

I  +w 

The  quantities  -  Ro,  -  So,  and  -  W©,  by  the  application  of  mechanical  quadratures, 
must  now  be  developed  in  periodic  series  with  the  argument  E,  so  that  we  have 

^  Ro  zz  Ao^^>  +  A/^>  cos  E  +  A/->  sin  E  +  A^^'^  cos  2  E  + 


^  So  =  Bo<^>  +  B/^'>  cos  E  +  B/«>  sin  E  +  B,<«>  cos  2  E  +  B^^'^  sin  2  E  +  .  . 
^  Wo  =  Co^^>  +  Ci<^>  COS  E  +  Ci<«>  sin  E  + 


where  we  have  written  only  the  terms  whose  coefficients  are  needed. 


COMPUTING  SECULAR   PERTURBATIONS.  36 1 

If  the  circumference,  with  reference  to.  E,  is  divided  into  j  parts,  and  the  cor- 
responding values  of  -  Ro  are  R<*',  R<»,  R<*' .  .  .  R«-'>,  then 

A«'-'  =  T  fR'**  +  R'»  +  R'^"  +  .  .  .  .  +  Rt^-^l 
-  Ai«->  =  T  r R"*  +  R'" cos ^  +  R'«  cos 4-.'^  +  . .  .  .  +  Ro-i) cos^^-^"^^""! 
U,'-'  =  i  r  R<"  sin  ^-^  +  R'^'  sin  ^.^  +  ....  +  R«->  sin  ^(•^^J)^] 

I kr'  =  T  r R'*'  +  R*"  COS ^-^  +  R'''*  COS  ^  +  ....  +  R«-»  cos  4_0'^;ii^1 

2  .?  L  J  .?  .?       J 

1  A,<"  =  i  r  R<'>  sin  ^  +  R<^'  sin  ^^  +  ....  +  Ro-u  sin  ii^T^I 

2  .;  L  3  J  ^        J 

Similar  equations  give  the  coefficients  of  -  So  and  -  Wo . 
In  fine  the  following  equations  result 


!'-^M. 


I  +IW 


[    I    ]„  =  f+ -  [G  C."'  -  e  C,"')  s^c  ^  cos  <»  -  i  C.<-.  .in  «,] 
'"  *  [  ^  ]„  =  TTT„  [G  C.'"  -  ^  C.»>)  .ec  ^  sin  «,  +  1  C,»  CO,  »] 
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P^RT    I. 

DISCUSSION  OF  THE  OBSERVATIONS. 

§1. 
Introductory  Remarks. 

The  series  of  transits  of  Mercury  discussed  by  Leverrier*  terminated  with  that 
of  1 848.  The  work  of  Leverrier  on  this  subject  is  memorable  from  the  fact  that  in 
it  was  first  pointed  out  the  discrepancy  between  the  motion  of  the  perihelion  of  Mer- 
cury as  derived  from  observation  and  as  derived  from  theory.  The  existence  of  this 
discrepancy,  at  least  when  the  mass  of  Venus  determined  in  other  ways  is  employed, 
has  been  placed  beyond  doubt  by  observations  of  four  transits  since  the  publication 
of  Leverrier's  work.  Notwithstanding  the  thoroughness  with  which  the  great  astron- 
omer treated  the  subject,  there  are  a  number  of  circumstances  which  render  a  reinves- 
tigation desirable.  The  mere  fact  that  a  third  of  a  century  of  observations,  far  more 
accurate  than  any  made  in  previous  times,  are  now  available,  is  alone  a  reason  for 
ascertaining  whether  any  modification  of  Leverrier's  results  is  now  possible. 

Again,  several  new  questions  have  arisen  which  observed  transits  of  Mercury  will 
help  to  decide.  Among  these  is  the  question  of  the  uniformity  of  the  earth's  rotation. 
The  discrepancies  between  theory  and  observation  in  the  moon's  secular  acceleration, 
and  the  inequalities  of  long  period  in  its  longitude,  give  rise  to  the  question  whether 
the  rotation  of  the  earth  itself  may  not  be  variable.  That  a  slow  secular  retai'dation 
in  this  rotation  exists  seems  almost  certain  on  theoretical  grounds;  and  it  is  not 
impossible  that  causes  may  act,  capable  of  producing  changes  of  long  period.  The 
question  whether  the  apparent  discrepancies  in  the  moon's  motion  are  to  be  accounted 
for  in  this  way  can  best  be  settled  by  observation  on  other  rapidly  moving  bodies. 

There  are  many  questions  respecting  the  phenomena  of  contact,  data  for  the  solu- 
tion of  which  will  be  found  in  the  mass  of  recorded  observations  of  transita  of  Mercury. 
Valuable  hints  may  thus  be  derived  in  respect  to  the  interpretation  and  discussion  of 
observed  transits  of  Venus. 

Yet  another  reason  for  a  new  discussion  is  the  desirableness  of  having  the  results 
of  the  theory  and  of  observation  so  worked  out,  collated,  and  compared  that  the 
astronomer  of  the  present  or  future  may  be  able  to  see  how  they  are  to  be  reconciled 

*Annale8  de  Fobaervatoire  de  Paris,  Tome  V. 
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without  the  necessity  of  g'oing  over  the  entire  discussion  from  the  beginning.     The 
author  hopes  that  the  present  paper  will  make  this  possible. 

It  is  a  part  of  the  general  policy  which  the  writer  has  adopted  in  carrying  on  this 
work  to  secure  the  co-operation  of  other  astronomers,  and  he  desires  to  express  his 
thanks  to  those  who  have  aided  him  in  the  collection  of  materials  for  the  present  dis- 
cussion. Prominently  among  these  must  be  mentioned  Dr.  J.  A.  C.  Oudemanns,  of 
Utrecht,  who  kindly  furnished  a  complete  translation  of  a  number  of  Dutch  Memoirs 
containing  observations  not  found  elsewhere.  Messrs.  R.  L.  J.  Ellery,  James  Tebbut, 
and  H.  C.  Russell,  of  Australia,  kindly  furnished,  in  advance  of  publication,  the  val- 
uable series  of  Australian  observations  of  the  transit  of  1881,  made  under  their  direc- 
tion.  Mr.  J.  E.  Hilgard,  Superintendent  of  the  Coast  and  Geodetic  Survey,  also  sup- 
plied valuable  data  from  the  records  of  tliat  office.  Among  them  are  a  great  number  of 
American  observations  on  the  transit  of  1845,  which  had  never  been  published.  Dr. 
Otto  Struve  also  furnished  several  unpublished  observations  made  in  Russia  as  well 
as  extracts  from  the  Montpelier  Memoirs  made  by  Dr.  Wagner. 

Most  of  the  heavy  work  of  reducing  the  observations  has  been  perfonned  by 
Lieutenant  Chauncey  Thomas,  U.  S.  N.,  and  Mr.  R.  W.  Prentiss 

§2. 

Authorities  for  Observations. 

Completeness  in  an  investigation  like  the  present  requires  the  use  of  all  data 
which  can  add  to  the  precision  of  the  result.  In  the  case  of  contact  observations  the 
phenomena  are  of  such  a  character  that  precision  can  be  obtained  only  by  combining 
as  many  observations  as  possible,  made  by  diflFerent  observers  and  under  diflFerent  cir- 
cumstances. For  these  reasons  the  available  published  sources  of  observations  were 
examined  with  some  care.  It  was  soon  found,  however,  that  a  limit  would  have  to  be 
set  to  the  number  used.  In  the  older  volumes  of  the  Berliner  Astronomisches  Jahr- 
buck,  MonatUche  Correspondenz^  and  Allgemeine  Geographische  Ephenieriden  are  great 
numbers  of  observations  which  it  is  hardly  possible  to  use  without  suspicion.  The 
range  from  the  most  valueless  to  the  best  is  so  gradual  that  it  is  yery  difficult  to  draw 
a  line  of  distinction.  The  embarrassment  is  increased  by  the  circumstance  that  the 
longitudes  of  the  stations  are  in  many  cases  not  known  with  precision.  It  was  desir- 
able to  reduce  to  a  minimum  the  number  of  observations  likely  to  be  rejected  merely 
on  account  of  their  discordance  from  others,  and  this  again  was  a  reason  for  leaving 
out  of  consideration  some  observations  which  might  possibly  have  proved  accordant, 
but  which,  had  they  been  discordant,  would  not  have  been  considered  entitled  to  any 
weight.  The  rule  finally  adopted  was  to  retain  all  observations  of  known  observers 
and  all  made  at  well  known  observatories,  or  stations,  even  when  the  observer  was  not 
known  as  an  experienced  astronomer;  but,  as  a  general  rule,  to  leave  out  of  considera- 
tion those  of  unknown  observers  at  stations  whose  longitude  would  be  difficult  to 
determine.  Except  in  the  case  of  the  Coast  Survey  records^  and  a  few  Russian  obser- 
vations already  alluded  to,  reliance  has  been  placed  entirely  upon  published  sources. 
The  author  did,  indeed,  some  years  ago  make  a  qoUection  of  unpublished  observations 
among  the  registers  of  the  Paris  observatory,  but  these  were  unfortunately  lost 
through  some  accident.     A  critical  examination  of  them  had,  however,  shown  that  there 
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was  very  little  material  of  value  not  already  published,  so  that  the  investigation  has 
probably  not  suflfered  much  from  their  loss.  The  principal  published  sources  are 
indicated  at  the  commencement  of  the  tabular  exhibit  of  the  observations,  so  that  it  is 
unnecessary  to  repeat  them  here.  Thoroughness  has  not,  however,  been  aimed  at  in 
preparing  the  bibliographical  references,  it  being  deemed  sufficient  to  furnish  the 
reader  with  the  data  which  would  enable  him  to  trace  any  observations  quoted. 

§3. 

Distinction  of  Phases  and  Methods  of  Deducing  the  Time  of  Contact  from  the  Observations. 

It  is  well  known  that  diflferent  definitions  of  what  shall  be  regarded  as  the  time 
of  interior  contact  of  a  planet  with  the  sun  may  be  formulated.  Although,  in  realiiy, 
there  can  be  but  one  phase  of  true  contact,  namely,  that  of  interior  tangency  of  the 
limbs,  yet  in  practice,  owing  to  the  eflfect  of  irradiation,  the  limbs  are  not  seen  in  their 
true  geometrical  outline.  It  has,  however,  been  very  generally  considered  that  when 
allowance  is  made  for  irradiation  we  sl^all  find  two  distinct  phases  of  contact,  namely : 

I.  A  phase  in  which  the  apparent  limb  of  the  sun,  as  extended  by  irradiation,  and 
the  apparent  limb  of  the  planet,  as  contracted  from  the  same  cause,  shall  be  in  geocen- 
tric contact. 

II.  A  phase  when  the  light  of  the  sun's  limb  is  first  or  last  seen  to  completely 
encircle  the  planet. 

At  ingress  the  phases  follow  each  other  in  the  order  here  described,  while  at  egress 
their  order  is  reversed.  The  first  phase  is  sometimes  denominated  "apparent  con- 
tact" or  '*tangency  of  limbs";  while  the  second  is  commonly  known  as  "true  contact" 
or  "formation  of  the  thread  of  light."  The  terms  apparent  and  true  contact  are  founded 
on  a  theory  of  the  phenomenon  which  presupposes  that  the  breaking  or  completion  of 
the  thread  of  light  marks  the  moment  of  true  internal  contact,  while  the  apparent  taij- 
gency  of  limbs  occurs  at  that  interval  preceding  it  during  which  the  planet  moves 
over  a  space  equal  to  double  the  enlargement  produced  by  irradiation.  The  geometry 
of  this  theory  is  quite  simple,  and,  assuming  the  hypothesis  to  correspond  to  the  facts 
of  the  case,  it  is  quite  correct.  The  theory  assumes  that,  owing  to  the  extreme  bril- 
liancy of  the  sun's  limb,  the  completion  of  the  thread  of  light  can  be  noted  the  moment 
that  the  planet  completely  enters  upon  the  solar  disc. 

In  accordance  with  this  view  it  was  generally  the  custom,  previous  to  the  transit 
of  Venus  in  1874,  to  divide  phases  of  contact  into  the  two  classes  just  defined,  and  to 

assume  that  the  observer  noted  one  or  the  other  of  the  two  phases.  Thus,  in  Encke's 
classic  work  on  the  transits  of  1 761  and  1 769  we  find  the  observations  of  internal  con- 
tact classified  under  the  two  heads  of  ^^Umkreis  in  Beruhrung^^  and  ^^ Lichtfaden^  A 
similar  course  was  followed  by  Mr.  Stoke,  in  his  discussion  of  the  ti'ansit  of  1 769, 
though  he  put  some  observations  into  one  class  which  his  predecessors  had  put  into 
the  other. 

Now,  assuming  that  observers  always  did  note  one  or  the  other  of  these  two  dis- 
tinct phases;  assuming  also  that  it  could  be  inferred,  either  from  their  statements  or 
from  the  times  given,  which  phase  each  observer  noted,  it  would  be  necessary,  in  com- 
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paring  observations,  to  classify  the  phase  and  to  avoid  comparing  one  phase  with 
another,  except  ^ter  applying  the  proper  reduction. 

But  all  experience  concurs  in  showing  that  no  such  distinct  classification  of  the 
two  phases  is  possible  in  actual  observation.  It  is  true  that  observers  sometimes  de- 
scribe the  phase  of  tangency  of  limbs  and  formation  of  the  thread  of  light  as  occur- 
ring at  diflferent  specified  times.  It  is  also  true  that,  as  a  general  rule,  it  will  be  found 
that  these  observers  who  describe  the  thread  of  light  as  fully  formed  will  be  found  to 
have  noted  their  times  somewhat  later  [at  ingress]  than  those  who  describe  their  obser- 
vation as  that  of  tangency  of  limbs. 

But  this  is  by  no  means  universal.  As  a  matter  of  fact,  we  find  the  noted  times 
of  contact  bridging  over  both  phases  in  such  a  way  that  no  clear  distinction  can  be 
drawn.  It  is  also  to  be  remarked  that  a  majority  of  observers  do  not  define  the  phase 
at ^11;  so  that  it  is  impossible  to  infer  from  their  description  which  phase  they  observed. 
The  following  is  perhaps  the  most  conclusive  way  of  considering  the  subject 

K  there  are  two  distinct  and  separable  phases  of  contact,  and  if  some  observers 
note  one  phase  and  some  another,  then,  by  examining  the  times  in  a  great  number  of 
transits  observed  by  a  great  number  of  observers,  we  should  find  in  them  a  tendency 
to  group  themselves  near  two  distinct  moments,  corresponding  to  the  two  phases.  If, 
for  example,  apparent  contact  at  ingress  occui-s  at  o*  and  true  contact  at  20*  then 
we  should  find  one  set  of  observers  giving  a  result  near  to  o'  and  another  near  to  20*, 
while  observations  at  10*  would  be  fewer  in  number.  To  show  whether  there  is  any 
such  tendency  we  have,  in  a  subsequent  section,  taken  all  the  good  observations 
given  in  the  following  pages  between  the  limits  1769  and  1878  and  grouped  them  in 
the  way  supposed.  It  is  thus  found  that  there  is  no  tendency  to  a  grouping  about 
any  distinct  phase,  and  that  the  observations  all  group  themselves  around  a  single 
general  mean,  according  to  the  usual  law  of  error. 

It  appears,  therefore,  that  no  distinct  line  can  be  drawn  between  the  two  phases 
as  they  have  been  actually  observed  by  the  hundreds  of  observers  in  past  times. 

Associated  with  the  error  thus  pointed  out  is  another  one,  which  has  not  been 
without  influence  in  the  discussion  of  observations.  It  is  that  the  phenomena  com- 
monly known  as  '* breaking  of  the  black  drop"  at  ingress,  and  which  is  frequently 
described  by  observers  as  occurring  suddenly,  is  a  real  and  well  defined  phase.  Now^ 
were  this  so,  there  would  be  at  least  some  approximation  to  agreement  among  observ- 
ers as  to  the  time  of  this  phase.  But,  as  a  matter  of  fact  which  has  been  pointed  out 
too  frequently  to  need  a  full  explanation  at  present,  there  is  no  such  agreement.  On 
the  conti'ary,  the  divergence  of  times  between  the  observers  of  the  supposed  phase  is 
as  wide  as  between  observers  of  geometrical  tangency.  Moreover,  optical  considera- 
tions will  show  that  this  is  nothing  more  than  we  should  expect.  Whether  the  black 
drop  is  or  is  not  present,  the  moment  of  the  phase  thus  described  is  not  that  at  which 
the  thread  of  light  commences,  but  that  at  which  it  became  sufficiently  strong  to  be 
sensible  to  the  eye  of  the  observer.  Now,  this  moment  depends  very  largely  upon  the 
state  of  the  atmosphere,  the  defining  power  of  the  telescope,  and  the  contrast  between 
the  sun  and  the  sky.  Since  irradiation  implies  a  diflFusion  of  the  solar  light,  we  may 
expect  the  phase  in  question  to  occur  later  the  greater  the  amount  of  this  disturbing 
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cd,Use.  But  the  greater  the  irradiation  the  earlier  the  supposed  tang-ency  of  limbs  will 
occur  at  ingress.  Hence,  with  increased  irradiation  the  one  phase  will  occur  earlier 
and  the  other  later  than  the  moment  of  actual  contact. 

The  general  conclusions  to  which  we  are  led  are  these:  Between  the  time  when, 
in  a  field  of  view  with  considerable  irradiation,  the  body  of  the  planet  would  appear 
as  if  entirely  within  the  sun,  were  the  limbs  of  both  bodies  continued  in  their  cir- 
cular outlines,  and  the  time  when  sunlight  is  seen  to  completely  encircle  the  planet, 
there  occur  a  series  of  phases  extending  over  a  period  of  time  which,  under  unfavor- 
able circumstances,  may  approximate  to  an  entire  minute,  and  between  which  no  dis- 
tinct line  can  really  be  drawn  in  practice.  With  good  optical  power  and  fine  definition 
this  period  of  indetermination,  if  we  may  so  call  it,  may  be  so  reduced  to  twenty  or 
even  to  ten  seconds.  An  observer,  taking  a  general  view  of  the  phenomena,  and  esti- 
mating a  single  moment  of  true  contact  from  the  general  appearance,  and  not  from 
special  phenomena,  may  be  expected  on  the  average  to  note  a  time  somewhere  about 
the  mean  of  the  period  of  indetermination,  and  therefore  a  time  corresponding  closely 
to  true  contact.  If,  however,  he  clearly  sees  the  formation  of  a  thread  of  light  before 
the  time  he  assigns,  his  observation  may  be  assumed  to  be  too  late  and  to  need  a  cor- 
rection of  a  few  seconds.  But  when  the  phase  is  not  described,  a  mean  contact  may 
be  assumed  to  have  been  observed.  At  the  same  time  an  examination  of  the  observa- 
tions shows  it  unsafe  to  place  special  interpretations  upon  the  descriptions  of  observers 
except  those  in  which  they  describe  the  thread  of  light  as  having  become  very  distinct. 

The  conclusion  to  be  drawn  from  these  considerations  is  that  it  is  for  the  most 
part  useless  to  attempt  any  investigation  of  phases,  and  that  our  proper  course  is  to 
take  an  indiscriminate  mean  of  the  results  of  all  observers  irrespective  of  their 
description,  except  in  those  cases  where  there  was  something  clearly  different  from 
true  contact  observed.  It  may  be  objected  that  we  thus  confound  observations  of 
different  phases.  But  the  same  objection  will  lie  against  any  observations  in  which 
observers  do  not  agree  as  to  the  time.  Whenever  observers  assign  different  times,  it 
is  certain  that  the  phases  coiTesponding  to  these  times  must  be  different. 

The  answer  to  the  objection  is  that  we  must  let  these  differences  go  in  with  the 
probable  error  of  the  final  result.  The  calculation  of  probabilities  will  still  apply  to 
the  final  probable  error  of  the  comparison,  unless  we  suppose  different  observers  to 
have  observed  systematically  on  a  different  plan  in  different  transits.  If,  for  example, 
we  had  twenty  observations  of  one  transit  and  twenty  of  another,  and  if  an  observer 
of  each  transit  was  equally  likely  to  observe  some  phase.  A,  or  some  other  phase,  JB, 
then  the  chance  would  be  that  ten  observers  observed  each  phase  on  each  occasion. 
The  probable  error  arising  from  the  possible  unequal  division  between  the  phases 
would  be  determined  on  the  same  principles  as  the  probable  error  of  observations  and 
would  be  confounded  with  it.  Whatever  errors  such  a  course  may  lead  to  they  will 
be  inherent  in  the  very  nature  of  the  subject,  and  it  will  be  useless  to  attempt  their 
elimination.  Assuming  that  we  take  an  indiscriminate  mean  without  regard  to  the 
remarks  of  the  observers,  the  standard  phase  at  which  we  aim  will  not  necessarily  be 
that  of  true  contact  but  that  which  would  correspond  to  a  mean  observatio^i  by  an 
infinite  number  of  observers  of  the  same  kind  as  those  who  actually  made  the  obser- 
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vations.  The  adoption  of  this  mean  is  as  legitimate  as  that  of*  any  other,  provided  the 
probable  error  is  extended  so  as  to  inclnde  both  that  of  observation  and  that  of  inter- 
pretation. 

We  now  reach  a  difficult  question  in  the  treatment  Although  the  course  just 
marked  out  is  inevitable  in  those  cases  when  we  do  not  know  what  distinctive  phase 
an  observer  noted,  should  we  still  adopt  the  indiscriminate  mean  in  the  case  of  observ- 
ers who  specifically  state  that  they  ol)served  a  particular  phase,  for  instance,  that  of 
completion  of  the  thread  of  light?  It  might  appear  that  since,  in  such  cases,  we  know 
that  they  observed  a  phase  different  from  the  one  aimed  at,  we  should  apply  a  correc- 
tion to  reduce  it  to  the  phase.  On  the  other  hand  it  may  be  maintained  that  the  same 
phase  is  also  noted  by  an  observer  who  does  not  describe  the  observation,  and  that, 
therefore,  no  account  should  be  taken  of  diflferences  of  descriptions. 

On  first  commencing  the  work  the  former  system  was  adopted  as  being  undoubt- 
edly founded  on  correct  principles.  Assuming  that  the  observers  who  describe  the 
completion  of  the  thread  of  light  differed  systematically  from  those  who  did  not,  a  cor- 
rection ought  undoubtedly  to  be  applied  to  them,  although  its  omission  might  not 
cause  a  systematic  error.  But  it  was  soon  found  doubtful  whether,  in  a  great  major- 
ity of  cases,  there  was  any  real  systematic  difference.  For  example,  in  some  of  the 
older  transits  several  observers  describe  the  planet  as  being  wholly  within  the  sun, 
thus  implying  that  contact  had  passed  and  that  sunlight  was  seen  all  around  the  planet, 
but  they  sometimes  add,  to  complete  the  description,  that  the  limbs  were  in  contact, 
which  would  negative  the  hypothesis  that  contact  had  passed. 

The  general  impression  produced  by  the  discussion  was  that  it  was  unsafe  to 
apply  any  special  interpretation  to  the  language  of  observers,  and  that  the  different 
descriptions  of  phases  were  merely  different  ways  of  describing  what  was  in  reality 
the  same  thing.  An  exception  should  l)e  made  in  those  cases  where  the  description 
is  such  as  to  render  it  certain  that  contact  had  passed,  as,  for  instance,  when  the  line 
of  light  seen  around  the  planet  was  described  as  a  band  of  sensible  breadth. 

The  course  finally  adopted  does  not  admit  of  being  reduced  to  an  absolute  rule. 
An  observation  is  thrown  aside  or  corrected  when  it  appears  probable  that  it  did  not 
or  could  not  correspond  to  the  general  mean.  It  will  be  seen  by  the  discussion  of  the 
several  observations,  that  in  only  a  few  exceptional  cases  is  any  correction  applied. 

One  point  was,  however,  strictly  adhered  to.  The  acceptance  or  rejection  of  the 
observation  was  not  allowed  to  depend  in  any  way  upon  the  magnitude  of  the  mean 
correction  which  would  result  to  the  tabular  times.  Of  course,  after  the  time  was 
concluded  upon,  it  might  sometimes  l)e  found  to  need  modification  or  rejection  in  con- 
sequence of  discordance.  The  only  cases  of  such  rejection,  however,  are  those  of  the 
doubtful  times  of  ingress  in  the  transits  of  1 740  and  1 786.  In  both  these  cases  it  was 
impossible  to  obtain  a  certain  result,  and  the  observations  are,  therefore,  rejected. 
Individual  observations  were  generally  rejected  when  they  deviated  from  the  general 
mean  of  the  other  observations  by  more  than  half  a  minute. 

iVnother  reason  for  adhering  to  the  indiscriminate  mean  is  the  impossibility  in 
practice  of  recognizing  any  observations  as  those  of  apparent  contact  in  the  sense  in 
which  that  term  has  been  defined.     According  to  this  definition  a  black  drop  is  sup- 
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posed  to  be  seen,  and  the  time  of  apparent  contact  is  that  when,  if  the  limbs  of  the 
sun  and  planet  were  produced  through  the  black  drop,  they  would  touch  each  other. 
But,  notwithstanding  the  geometric  definiteness  of  the  phase,  it  is,  in  practice,  one  which, 
under  the  circumstances,  it  is  impossible  to  observe  with  any  approximation  to  pre- 
cision. As  a  matter  of  fact  it  may  be  doubted  whether  attempts  have  been  made  to 
note  it,  unless  from  some  preoccupation  on  the  part  of  the  observer.  When,  there- 
fore, the  observer  describes  a  tangency  of  the  limbs,  it  cannot  be  inferred  that  he 
means  anything  different  from  the  average  contact. 

As  a  matter  of  fact  the  only  instance  in  which  the  question  of  this  contact  came  in 
was  connected  with  the  transit  of  1878,  where  there  are  several  cases  of  geometric 
contact  with  black  drop  intervening. 

§4. 

Longitudes  of  the  Stations. 

When,  in  so  great  a  mass  of  observations,  made  in  every  part  of  the  world, 
absolute  precision  is  aimed  at,  the  determination  of  the  longitudes  of  the  observers 
would  be  the  most  troublesome  and  laborious  part  of  the  work.  It  may  be  doubted 
whether,  with  the  most  elaborate  historical  research,  the  position  of  the  observer  could 
in  all  cases  be  learned.  Happily,  the  last  degree  of  precision  is  not  necessary,  be- 
cause the  necessary  probable  error  of  the  observations  themselves  being  from  5*  to  10", 
their  precision  will  not  be  materially  diminished  by  a  small  error  of  longitude.  More- 
over, as  a  general  rule,  those  observers  whose  longitude  is  unknown  are  otherwise 
entitled  to  the  least  weight.  No  attempt  was,  therefore,  made  at  an  exhaustive  inves- 
tigation of  the  observing  stations.  In  the  case*of  towns  in  France,  and  sometimes, 
also,  in  Germany,  the  table  of  positions  in  the  Comptes  Refidtis  was  accepted  without 
further  discussion.  Where  there  was  any  room  for  distinguishing  between  diflferent 
points  in  the  city,  the  cathedral  or  other  central  point  was  generally  taken  as  most 
likely  to  be  near  the  place  of  observation.  The  places  of  a  few  German  towns  were 
taken  by  measurement  from  the  maps  in  the  Hand-atlas  of  Sohr-Berghaus,  published 
by  Carl  Flemming,  Glogau,  1879.  The  British  Admiralty  Charts  frequently  furnish 
data  for  the  longitude  of  ports,  but  for  most  maritime  stations  the  longitudes  were  ob- 
tained from  data  in  the  Hydrographic  Office  of  the  Bureau  of  Navigation.  The  obser- 
vations and  researches  of  Lieutenant  Commander  Francis  M.  Green,  U.  S.  N.,  were 
of  great  value  in  this  respect 

A  table  of  the  adopted  longitudes,  with  the  authority  from  which  each  was  obtained, 
is  appended.  It  will  aid  in  the  application  of  any  corrections  wliich  may  be  required 
by  future  investigators. 
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Adopted  Positions  of  Stations. 


Longitudes. 

Place. 

1 
1 

Geog 

.  latitude. 

(Gr.  =  long,  from  Green- 
wich ;  Pa.  =  long,  from 
Pftria.) 

Authorities  and  remarks. 

• 

0 

/ 

// 

h,    m. 

8, 

Adelaide 

-34 

57 

00 

—9     14 

21        Gr. 

Am.  Eph.,  adopted. 

Altona 

1 

1 

+53 

32 

45 

— 0    30 
-0    39 

26       Pa. 
47       Or. 

Conn,  des  Temps. 
Adopted. 

Amsterdam     -    -    -    - 

t 

+52 

22 

30  ' 

—0    10 
~o    19 

12       Pa. 
33       Gr. 

Conn,  des  Temps. 
Adopted. 

j  Athens 

+37 

58 

20.0 

-I    34 

55.7    Gr. 

Am.  Eph.,  adopted. 

1 

;  Avignon 

+43 

57 

13 

— 0      9 
—0    19 

53        Pa. 
14       Gr. 

Conn,  des  Temps. 
Adopted. 

Bagdad 

+33 

19 

50 

-2    48 

-2    57 

9       Pa. 
30       Gr. 

Conn,  des  Temi>s. 
Adopted. 

Batavia 

—  6 

10.2 

-7      7 

12  5    Gr. 

A.  N.,  IxxiVy  167,  adopted. 

Berlin 

+52 

30 

16.7 

-0    S3 

34.91  Gr. 

Am.  £ph.y  adopted. 

Bologna  (St.  Petrone)  - 

+44 

29 

32 

—0    36 

-0    45 

2        Pa. 
23       Gr. 

Conn,  des  Temps. 
Adopted. 

Breslau 

+5" 

6 

56.5 

-I      8 

8.71  Gr. 

Am.  Eph.y  adopted. 

i 

BmnHwick     -    -    -    - 

+5* 

16 

6 

7-0    32 
— 0    42 

45        Pa. 
6       Gr. 

Conn,  des  Temps. 
Adopted. 

BrnH8el8 

+50 

51 

10.5 

—0    17 

28.6    Gr. 

Am.  Eph.,  adopted. 

Calcutta 

+22 

33 

• 

II 

—5    44 

—5    53 

4        Pa. 
21        Gr. 

Le  Ver.,  v,  46.                           1 
Lt.  Com.  F.  M.  Green,  adopted. ' 

Cambridge,  Mass.   -    - 

+42 

22 

48.3 

+4    44 

31        Gr. 

1 
Am.  Eph.y  adopted. 

Cambridge,  Eng.    -    - 

+52 

12 

51.6 

—0      0 

22.  75  Gr. 

Am.  Eph.,  adopted. 

Canton 

+23 

7.5 

-7    33 

8       Gr. 

Admiralty  Map,  adopted. 

Cape  Town     -    -    -    - 

-33 

56 

3-4 

-I     13 

55       Gr. 

Am.  Eph.,  adopted. 

Celle '   - 

+52 

37 

30 

—0    30 
—0    40 

52        Pa. 
13        Gr. 

From  map. 
Adopted. 

Cincinnati  (old  obs.)  - 

+39 

6 

26.5 

+5    37 

58.94  Gr. 

Am.  Eph.,  adopted. 

Cookstowu     -    -    -    - 

+54 

38 

-fo    26 

52        Gr. 

Map. 

Copenhagen  -    -    -    - 

+55 

40 

53 

—0    40 
—0    50 

58       Pa. 
19        Gr. 

Conn,  des  Tem]is. 
Adopted. 

Copenhagen  (new  obs.) 

+55 

41 

13.6 

—0    50 

19. 2    Gr. 

Am.  Eph.,  adopted. 

Dantzic 

+54 

21 

18 

-I     14 

39.3    Gr. 

Am.  Eph.,  adopted. 

Dorpat 

+58 

22 

47.4 

—I    46 

53.5    Gr. 

Am.  Eph.,  adopted.                  1 

Dresden 

+51 

3 

39 

-0    45 
—0    54 

35        Pa. 
56       Gr. 

Conn,  des  Temps.                      ! 
Adopted.                                    ' 

Durham 

+54 

46 

6.2 

-H>     6 

19. 8    Gr. 

Am.  Eph.,  adopted. 

Edge  Hill 

+53 

24.4 

-fo      0 

0. 8    Gr. 

1 
1 

1 

Florence     

+43 

46 

22 

-0    35 
—0    45 

41        Pa. 
2        Gr. 

Conn,  des  Tem|>s. 
Adopted. 

Geneva  ------ 

+46 

II 

58.8 

—0    24 

36.  77  Gr. 

Am.  Eph.,  adopted. 
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Adopted  Positimis  of  Stations — Continued. 


Place, 


Gotha  (Soeberg) 


Gottingen 
Grantham  • 
(jlreonwicli 
Haarleui 

Hague   - 


Hamburg  -    -  - 

Hartwell    -    -  - 

HobartTown-  - 

KooigHberg    -  - 

Kremsmunster  - 


Kumaul 


Leiden 
Leipsic 


Lilieuthal 


Loudon  (Fleet  st.) 


Liverpool 


Louvain 


Malta 


Manchester    •    -    - 


Manheim 


Manila  -    -    - 


Marseilles 
Marburg 
Milan    - 


Mitau    -    -    - 


Modeua 
Montauban 


Geog.  latitude. 


o 
+50 

+51 
+52 

+5' 

+52 

+52 

+53 

+51 
—42 

+54 
+48 

+29 

+52 
+51 


56  5 

3"  47-9 

54.9 

28  38. 4 

22  54 

4  40 

3i  7 

48  36 

53  " 

42  50. 6 

3  23.7 
42.3 

9  20 

20  10 

8  28 


+53 

+5>    30      49 


+53 
+50 

+35 
+53 


24 
53 


4 
27 


54.8 
29        o 


+14 
+43 
+50 

+45 
+56 

+44 
+44 


35 
18 

48 
27 

39 

3« 


26 
19. 1 
46.9 

35 


52.8 
6 


Longitudes. 

(Gr.  =long.  fh>in  Green- 
wich ;  Pa.  ~  long,  from 
Paris.) 


Authorities  and  i-emarks. 


A.   tn,     8, 

— 0    33    36 
— 0    42    57 

Pa. 
Gr. 

39 
-H>     o 

o     o 
— o    18 


46.  24  Gr. 
2. 6    Gr. 


— o 
— o 


7 
17 


12 

33 

53 
14 


(ir. 

Pa. 
Gr. 

Pa. 
Gr. 


— o  39 

+0  3 

-9  40 

—9  49 

—  I  21 

— o  56 


53-7    Gr. 
24  3S  Gr. 


I 
22 


Pa. 
Gr. 


58.91  Gr. 
32. 2    Gr. 


Conn,  des  Temps. 
Adopted. 

Am.  Kph.^  adopU'd. 


Am.  £ph.^  a<lopted. 

Couu.  des  Temps. 
Adopted. 

Conn,  des  Teui]>s. 
Adopted. 

Am.  Kph.,  adoptetl. 

Br.  Eph.y  adopted. 

Couu.  des  Temps. 
Adopted. 

Am.  Eph.,  adopted. 

Am.  Kph.y  adopted. 


—4 
-5 

^1 

55        Pa. 
7        Gr 

Le  Ver. 

Lt.  Com.  F.  M.  Green,  adopted. 

— 0 

17 

56.35  Gr. 

Am.  Eph.,  adopted. 

— 0 
— 0 

40 

49 

13        Pa. 
34        Gr. 

Conn,  des  Temps. 
Adopted. 

— o  26 

-o  35 

+0  9 

-fo  o 

-fO  12 

— 0  O 

— o  18 

— o  58 

— o  18 

— o  27 


18 

39 

44 
23 


Pa. 
Gr. 

Pa. 
Gr. 


1 7. 2    Gr. 


Pa. 
Gr. 


Conn,  des  Temps. 
Adopted. 

Couu.  des  Temps. 
Adopted. 

Am.  Eph.,  adopted. 

Conn,  des  Temps. 
Adopted. 


Gr.     Adopted. 


+49    29      13      .  — o 


—8 
— o 
— o 


24 
33 

3 
21 

35 


20 
41 

3« 
52 


Pa. 
Gr. 

Pa. 
Gr. 


— 0 
— 0 

27 

36 

24 
45 

— I 
—I 

25 

34 

^1 
56 

— 0 

43 

42 

+0 

— 0 

3 

5 

56 
25 

49        Gr. 

34. 64  Gr. 

5.  o    Gr. 

Pa. 
Gr. 


Pa. 
Gr. 


Conn,  des  Temps. 
Adopted. 

Conn,  des  Temps. 
Adopted. 

Lt.  Com.  F.  M.  Green,  adopted. 

Am.  Eph.^  adopted. 

Am.  Eph.,  adopted. 

Conn,  des  Temps. 
Adopted. 

Conn,  des  Temps. 
Adopted. 


42. 8    Gr.     Am.  Eph.,  adopted. 


Pa.     Conn,  des  Temps. 
Gr.     Adopted. 
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Adopted  Positions  of  Stations — Continued. 


I/ongitudos 

I 

Place. 

Geog. 

latitude. 

(Gr.     long,  from  Green- 
wich; Pa.  =  long,  fhim 
Paris.) 

Authorities  and  remarks. 

1 

0 

/ 

II 

A. 

m.     «. 

1 

Moiitpellicr    -    -    »    - 

- 

- 

m 

—0 
— 0 

6     10 
15    31 

Pa. 
Or. 

Conn,  des  Temiw. 
Adopted. 

Montevideo    -    -    -    - 

34 

54 

18 

+3 

44    49 

Gr. 

Lt.  Com.  F.  M.  Green, 

1 

adopted. 

Naples 

+40 

51 

47 

—0 
—0 

47    41 
57      2 

Pa. 
Gr. 

Conn,  des  Temi>s. 
Adopted. 

New  Haven    -    -    -    - 

+41 

18 

36.5 

+4 

51    42.19 

Gr. 

1 
Am.  Eph.,  adopted. 

Nicolty'etf' 

+46 

58 

20.6 

-  2 

7    54.1 

Gr. 

Am.  Eph.,  adopted. 

1 

:  Nienstadten    -    -    -    - 

+53 

33- 1 

-0 

39    22.8 

Gr. 

!  24».2W.ofAltona(A. 
145). 

^T                   •  •  • 

N.,xxiii, 

NorriHtown     -    -    -    - 

+40 

9.7 

' 

+5 

I     30.45 

Gr. 

From  lou^.  of  Phila. 
angulations. 

1 

and  tri. 

Nuremberg     -    -    -    - 

4-49 

27 

30 

—0 

—0 

34    57.7 
44    18.7 

Pa. 
Gr. 

1 
Adopt4.'d. 

Padua   

+45 

23 

45 

—  0 

—  0 

38     II 
47    32 

Pa. 
Gr. 

Conn,  des  Temps. 
Adopted. 

Palermo 

+38 

6 

44 

—    0 

53    25.0 

Gr. 

Am.  Kph.,  adopted. 

Paramatta      -    -    .    - 

33 

48 

50 

9 
—  10 

54    43 
4      4 

Pa. 
Gr. 

Le  Ver.  (C.  des  T.  gives  46»). 
Adopted. 

Paris 

+48 

50 

II 

0 
—  0 

0      0 
9    21 

Pa. 
Gr. 

Conn,  des  Temps. 
Adopted. 

Pekin 

+39 

54 

13 

7 
-  7 

36    34 

45    55 

Pa. 
Gr. 

1  Conn,  des  Temps. 
Adopted. 

Pekiti  (/^iM^iaN  Obs,)   . 

*        * 

-     - 

-     - 

-  7 

—  7 

36    20 
45    41 

Pa. 
Gr. 

Philadelphia  ...    - 

+39 

57 

7.5 

+  5 

0    38.45  Gr. 

Am.  ]i)ph.,  adopted. 

Prague  

+50 

5 

18.8 

—  0 

57    414 

Gr. 

Am.  Kpb.,  adopted. 

Princeton 

+40 

20 

58 

+  4 

58    37.5 

(ir. 

Am.  Eph.,  adopted. 

Pulkowu 

1 

+59 

46 

18.7 

—  2 

I     i8.67Gr. 

Am.  Epb.,  adopted. 

1 

Quedlinburg  -    -    -    . 

i 

+51 

47 

32 

—  0 

—  0 

35    29 
44     50 

Pa. 
Gr. 

Conn,  des  Temps. 
Adopted. 

i  Keval 

+59 

26 

28 

—  I 

39      6.3 

Gr. 

0.  Struve,  adopt<<Hl. 

'  Rouen  (cathedral)  -    - 

+49 

26 

29 

+  0 
—  0 

4    58 
4    23 

Pa. 
Gr. 

Conn,  des  Temps. 
Adopted. 

Kouen  f  3»  W.  of  cathe- 
dral). 

+49 

26 

29 

+  0 
—  0 

5-     I 
4    20 

Pa. 
Gr. 

See  next  preceding. 
Adopted. 

• 

8chwerin 

+53 

37 

38.2 

—  0 

45    407 

Gr. 

Am.  Eph.,  adopted. 

Sefbenberg     -    -    -    - 

+50 

5 

10.  I 

—  I 

5    5o.^> 

Gr. 

,  Am.  Eph.,  ailopted. 

Rome 

+4i 

54 

6 

—  0 

—  0 

40    28 
49    49 

Pa. 
Gr. 

Conn,  des  Temps. 
Adopted. 

Sidney  

~^3 

51 

41 

—  9 

—  10 

55    34 
4    55 

Pa. 
(ir. 

Le  Ver. 
Adopted. 

St.  Helena      -    .    -    - 

-15 

55 

+  0 
+  0 

32     12 
22    52 

I'a. 
Gr. 

Conn,  des  Temps. 
Adopted. 

St.  Petersburg    -    «    . 

+59 

56 

30 

—  2 

1     13.5 

(ir. 

Am.  Eph.,  adopteil. 
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m 


Place. 


Aihyted  Pimlloiis  of  Shitions — Continued. 


Ci(^g.  latitude. 


Ijougitudes. 

(Gr.  =long.  fn>in  Green- 
wich; Pa.  —  long,  from 
PariH. 


Authorities  and  remarks. 


Tnaloiise 


Twickenham 
ITpsal    -    - 


Utrecht 


Vienna  (i'  i".7  S.   IM  ! 
E.  of  obs.)  I 

Vienna  (old  obs.)    -    -  i 


Viviers 


Wansteml 


Washington  College,Pa. 

Waterloo   -    -    -    -    - 

University  of  William 
and  Mary,  Va. 


o  / 

+43  36 

+51  27 

-f-59  51 

+52  5 

+48  II 


33 

4.2 
50 

10.5 
33.8 


A.     m.     A. 

+  0      3    35      Pa. 
—  o      5    46      Gr. 


Conn,  des  Temps. 
Adopted. 


4-0      I     13. 1   (Jr.     Am.  Eph.,  adopted. 


—  I  I  13.3  Pa. 

—  I  10  34.3  (Jr. 

—  o  20  31.7  Gr. 

—  I  5  32.84  (ir. 


A.  N.,  xi,  409. 
Adopted. 

Am.  Eph.)  adopte<l. 

Am.  Eph.,  adopted. 


-I-48     12      35.5—1      5    3i.74Gr.     Am.  Eph.,  adopted. 


+44  29       14 

+51  34       10 

-{-40  10 

+53  28.4 

+37  16 


—  o  9  23  Pa.  i  Conn,  de-s  Tumps. 

—  o  18  44  (ir.  ,  Adopted. 

—  o  o  9  Gr. 

-j-  5  21  18  Gr.  I  From  map,  adopted. 

-f-  o  12  4  (Jr. 

-|-  5  5  28  Gr.     From  map,  adopted. 
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§5- 
External  Contacts, 

Experience  seems  to  indicate  that  an  observation  of  external  contact,  under  cer- 
tain conditions,  can  be  made  with  nearly  as  much  precision  as  one  of  internal  contact 
The  observed  phase  will  not,  however,  be  that  of  tangency  of  limbs,  but  that  at  which 
the  notch  made  by  the  planet  passes  from  the  stage  of  visibility  to  invisibility,  or  vice 
versa.  This  stage  depends  upon  the  state  of  the  atmosphere,  the  eye  of  the  observer, 
and  the  quality  of  the  instrument.  Yet  it  would  seem  that  if  we  regard  the  effect  of 
the  differences  which  result  from  these  causes  as  probable  errors  simply  the  total  prob- 
able error  will  not  be  materially  increased  The  fact  appears  to  be  that,  in  day  obser- 
vations upon  the  sun,  the  maximum  of  seeing  power  is  nearly  reached  wuth  quite  a 
moderate-sized  telescope  in  ordinary  states  of  the  atmosphere.  No  account  has,  there- 
fore, been  taken  of  differences  in  telescopic  power,  etc.,  except  that  a  few  observations, 
made  with  evidently  insufficient  means,  have  been  rejected. 

There  is,  however,  one  important  point  to  be  noted.  There  can  be  no  doubt  that, 
owing  to  the  progressive  improvements  in  telescopes,  and  in  the  art  of  observing,  the 
phase  which  would  be  noted  as  external  contact  has  continually  approached  nearer  to 
that  of  true  external  tangency.  It  is,  therefore,  necessary,  in  the  discussion,  to  allow 
for  this  progressive  change.  The  mode  of  doing  this  is  described  in  connection  with 
the  formation  and  solution  of  the  equations  of  condition. 

A  veiy  little  examination  shows  that  no  reliance  can  be  placed  upon  the  older 
observations  of  first  external  contact,  and  very  little  upon  the  recent  ones,  except 
where  the  observers  had  first  practiced  upon  an  artificial  transit.  As  no  observa- 
tions of  a  distinct  class  are  of  value  unless  tliey  extend  through  a  long  period  of  time, 
all  observations  of  first  external  contact  have  been  rejected.  Owing  to  the  inferior 
weight  assigned  to  observations  of  fourth  contact,  no  attempt  has  been  made  to  discuss 
them  with  the  care  devoted  to  those  of  internal  contact.  As  a  rule,  the  reductions 
to  geometric  phase  have  been  supj)osed  the  same  as  in  the  case  of  internal  contact. 
Except  when  the  planet  passes  very  near  the  limb  of  tlie  sun  the  error  of  this  hypo- 
thesis is  insensible. 

§6. 

Kxplanat'wv  of  the  Tatmlar  Summarif  of  Observations, 

The  general  construction  of  this  summary  has  been  so  fully  explained  in  the  pre- 
ceding sections  that  few  additional  explanations  are  necessary.  Perfect  symmetry  of 
arrangement  has  not  been  aimed  at,  and  might  tend,  in  some  respects,  to  mislead  be- 
cause of  the  impossibility  of  its  according  with  a  series  of  observations  of  so  miscel- 
laneous a  character  extending  over  two  centuries. 

The  first  two  columns,  giving  the  station  and  the  names  of  observers,  call  for  no 
special  remark.  The  third  column  contains  the  description  of  the  phase,  when  any  is 
given.  As  a  rule,  the  exact  language  of  the  observer  is  quoted,  though  it  sometimes 
has  to  be  condensed.     Sometimes,  also,  when  thus  condensed,  or  when  there  can  be 
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no  doubt  as  to  the  exact  meaning,  his  statements  are  expressed  in  English.  In  the 
majority  of  cases  it  will  be  seen  that  there  is  no  specific  description. 

The  fourth  column  contains  the  time  as  given  by  the  observer.  It  is  generally 
apparent  time  before  1800,  and  mean  time  since.  No  attempt  has  been  made  in  any 
case  to  redetermine  the  clock  correction  of  the  observer,  except  in  a  few  observations 
by  WuKZLEBAU,  which,  however,  proved  worthless. 

The  next  column  contains  the  reduction  to  the  center  of  the  earth.  It  is  com- 
puted from  the  tabular  data  as  given  in  the  second  part.  The  omitted  terms  of  the 
second  order  would  rarely  amount  to  one  second,  and,  therefore,  need  not  be  taken 
into  account 

The  transit  of  1782,  however,  in  which  Mercury  passed  very  near  the  sun's  limb, 
is  an  exception.  It  was  here  necessary  to  make  a  rigorous  reduction  to  the  center  of 
the  earth.     The  details  of  this  reduction  are  given  in  the  proper  place. 

Next  follows  the  concluded  Greenwich  mean  time  of  geocentric  contact  as  de- 
duced from  each  observation  It  is  obtained  by  correcting  the  observed  time  for 
equation  of  time,  reduction  to  center  of  earth,  and  longitude.  The  three  adopted  cor- 
rections being  all  given,  any  error  in  the  reduction  can  be  readily  found. 

The  mean  time  concluded  from  all  the  observations  of  each  ti*ansit  is  given  as  the 
result  of  a  separate  discussion  of  each.  It  was  necessary  in  the  case  of  each  transit  to 
discuss  the  observations  upon  the  system  likely  to  give  the  nearest  approximation  to 
a  general  mean  result. 

§7. 

Classification  of  Residtmls  with  respect  to  Magnitude. 

The  classification  of  the  errors  of  observed  times,  with  respect  to  their  magnitude, 
is  shown  in  the  following  exhibit.  The  transit  of  1 782  is  omitted.  In  other  cases  the 
numbers  given  are  the  differences  between  each  individual  observed  time  and  the  geo- 
centric time  concluded  from  the  general  mean  of  all  the  observations. 

The  algebraic  signs  are  so  applied  that  a  positive  error  means  that  Mercury  was 
too  far  from  the  sun's  center.     Hence,  the  differences  are: 

(Computed — Observed)  times  of  contact  II. 

(Observed — Computed)  times  of  contact  III. 

By  this  arrangement  similar  signs  correspond  to  similar  differences  of  phases  of 
contact. 

No  allowance  is  made  for  obliquity  of  the  path  of  the  planet  to  the  sun's  limb. 

A  P,  PABT  VI 3 
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Residual  8. 

1 

Ingress. 

Ugress. 

Total. 

Residuals. 

• 

lugress. 

Egress. 

Total. 

s. 

S. 

0 

»4 

14 

28 

+     1 

14 

16 

30 

—    I 

'5 

16 

31 

+    2 

J5 

17 

32 

—    2 

10 

16 

26 

+    3 

15 

15 

30 

-  3 

17 

20 

37 

+    4 

7 

10 

17 

-  4 

9 

9 

18 

+     5 

9 

6 

15 

-   5 

15 

17 

32 

+   6 

9 

5 

14 

—  6 

10 

10 

20 

+   7 

4 

9 

13 

-  7 

12 

13 

25 

+  8 

8 

4 

12 

—  8 

9 

5 

14 

+  9 

4 

7 

II 

—   9 

16 

6 

22 

+  10 

6 

8 

14 

—  10 

8 

6 

H 

+  11 

5 

4 

9 

—  II 

8 

7 

15 

+  12 

4 

2 

6 

—  12 

4 

8 

12 

+  13 

3 

•    3 

6 

—  13 

4 

8 

12 

+  14 

5 

2 

7 

•-14 

6 

5 

II 

+  15 

6 

6 

12 

-15 

6 

7 

13 

+  16 

I 

2 

3 

—  16 

3 

2 

5 

+  17 

3 

2 

5 

-17 

I 

2 

3 

+  18 

2 

3 

5 

—  18 

3 

0 

3 

+  19 

3 

3 

6 

—  19 

I 

2 

3 

+  20 

I 

4 

5     , 

1 

—  20 

2 

0 

2 

+  21 

0 

4 

4     , 

—  21 

5 

2 

7 

+  22 

2 

I 

3 

—  22 

0 

0 

0 

+  23 

2 

I 

3 

—  23 

0 

2 

2 

+  24 

0 

I 

I 

—  24 

0 

2 

2 

+  25 

2 

I 

3 

-25 

3 

I 

4 

+  26 

2 

2 

4 

—  26 

0 

I 

I 

+  27 

I 

0 

I 

-27 

0 

2 

2 

+  28 

3 

0 

3 

—  28 

0 

0 

0 

+  29 

0 

0 

0 

-29 

0 

2 

2 

+  30 

3 

0 

3 

-30 

0 

0 

0 

>30 

9 

H 

23 

>30 

9 

9 

1 

18 
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The  numbers  thus  presented  show  no  tendency  to  divide  into  groups  con'espond- 
ing  to  special  phases.  In  order  to  determine  more  definitely  whether  there  is  any 
such  tendency  we  divide  them  into  groups  of  five,  the  middle  group  being  the  sum 
of —  2,  —  I,  o,  +1,  +2;  the  group  +5  the  sum  from  +  3  to  +7j  etc.  We  thus 
have — 

Magnitude.  No.  of  errors.        Probable  number. 

Exceeding  —27  sec.  20  2 

—  25  sec.  1 1  6 

—  20  sec.  15  18 

—  1 5  sec.  44  44 

—  10  sec.  77  83 

—  5  sec.  132  120 
o  sec.                 147  137 

+  5  sec.  89  120 

+  10  sec.  52  83 

+ 1 5  sec.  33  44 

+  20  sec.  23  18 

+  25  sec.  12  6 

Exceeding  +27  sec.  29  2 

The  great  difference  between  the  residuals  which  fall  between  —  3"  and  —  7"  and 
those  which  fall  between  +  3*  and  +  7"  is  striking,  but  seems  to  arise  partly  from  the 
unequal  grouping;  partly  from  the  excess  of  positive  errors  of  about  +  20";  partly 
from  the  excess  of  instances  in  which  observation  of  small  weight  were  those  of  mod- 
erate negative  residual.  It  will  be  remarked  that  in  preparing  the  table  no  distinction 
whatever  was  made  between  different  classes  of  results  as  regards  quality;  but  every 
residual  was  enumerated.  Hence,  any  irregularity  in  the  distribution  of  weights  will 
be  shown  by  an  irregularity  in  the  numbers. 

To  compare  these  numbers  with  the  probable  ones,  deduced  from  the  standard 
law  of  distribution  of  errors,  we  remark  that  somewhat  more  than  half  the  residuals 
are  contained  in  the  three  middle  groups,  which  agaiii  should  be  considered  as  com- 
prising all  errors  between  the  limits  —  7^.5  and  +  7'- 5-  If  we  include  the  abnormal 
residuals  which  exceed  27  seconds,  the  limits  between  which  one  half  the  residuals  are 
contained  should  be  regarded  as  ±  6*.8.  But  considering  only  those  635  residuals 
which  do  not  exceed  27  seconds,  one  half  of  them  are  contained  between  the  limits 
±  6^2.  Actually  we  have  assumed  ±  6§  seconds  as  the  probable  error,  and  thus  ob- 
tained the  probable  distribution  of  the  residuals,  as  shown  in  the  last  column. 

This  method  of  deducing  the  probable  error  does  not  rest  upon  a  mean  of  squares 
of  errors,  but  is  based  immediately  on  the  definition  that  the  probable  error  is  that 
quantity  for  which  there  is  an  equal  chance  that  an  error  shall  exceed  it  or  fall  short 
of  it.  The  necessity  for  adopting  such  a  definition  arises  when  the  law  of  error  varies 
appreciably  from  that  usually  adopted,  as  in  the  present  case. 

It  is  evident,  from  an  examination  of  the  table,  that  the  observations  are  liable  to 
abnormal  errors,  since  49  of  the  residuals  exceed  27'',  while  adopting  the  usual  law  of 
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error  the  probable  number  should  be  only  4.  Quite  likely  the  abnormal  error,  in 
many  of  these  cases,  arises  from  such  mistakes  as  those  of  a  minute  in  the  recorded 
time.  But  I  think  that,  for  the  most  part,  they  arise  from  the  unfavorable  circumstances 
under  which  observations  are  frequently  made.  It  is  evident  that  if  we  have  a  collec- 
tion of  observations  of  different  degrees  of  probable  error,  in  which,  however,  there 
is  no  way  of  distinguishing  those  of  great  probable  error  from  those  of  small  probable 
error,  the  law  of  the  eiTors  will  not  be  that  usually  adopted,  but  there  will  be  a  com- 
parative excess  of  large  residuals.  It  is  also  evident  that  in  such  a  case  the  arithmet- 
ical mean  does  not  necessarily  give  the  most  probable  result.  For,  in  the  case  of  an 
observation  of  large  residual,  there  is  e\'idently  a  preponderance  of  probability  that 
it  belongs  to  a  class  with  large  probable  error,  and  therefore  should  be  assigned  least 
weight.  This  principal  has,  to  a  certain  extent,  been  indirectly  applied  in  deducing 
the  times  of  geocentric  contact  from  observation.  When  a  result  differed  from  the 
general  mean  by  a  quantity  much  more  than  half  a  minute  it  was  rejected.  The 
above  table  seems,  however,  to  indicate  that  all  residuals  exceeding  25"  should  be 
rejected,  except  in  cases  where  the  other  observations  on  the  same  transit  were  worse 
than  the  average. 

That  any  general  collection  of  observations  of  transits  of  Mercury  must  be  a 
mixture  of  observations  with  different  probable  errors  was  made  evident  to  the  writer 
by  his  observations  of  the  transit  of  May  6,  1878,  which  may  be  here  described  as  an 
illustration  of  the  subject. 

The  instrument  used  was  a  4-inch  telescope  not  moved  by  clock-work,  and,  there- 
fore, somewhat  difficult  to  manage.  At  ingress  the  definition  of  the  sun's  limb  was 
fairly  good,  though  there  was  a  slight  distortion  in  the  figure  of  the  planet  about  the 
time  of  internal  contact.  About  the  time  of  contact  there  was  an  interval,  which  I 
should  roughly  estimate  as  probably  not  less  than  6'  nor  more  than  lo",  during  wliich 
it  was  doubtful  whether  contact  was  or  was  not  past  The  middle  of  this  interval  was 
therefore  taken  as  the  time  of  contact,  with  an  error  which  almost  certainly  could  not 
exceed  5".  About  1 2"  later  the  band  of  light  between  the  limb  of  the  sun  and  planet 
was  clearly  of  sensible  breadth.  It  could  therefore  be  asserted  with  entire  confidence 
that  the  contact  took  place  several  seconds  before  the  last  recorded  moment.  Yet  a 
large  number  of  observations  gave  a  later  time  than  this,  when  all  were  reduced  to  the 
center  of  the  earth.  It  may,  however,  be  remarked  that  the  time  of  true  contact  as 
noted  agreed  closely  with  the  general  mean. 

At  egress,  however,  the  circumstances  were  entirely  different  The  sun  shone 
through  a  thin  cirrus  cloud  which,  although  it  did  not  seem  to  disturb  the  limb  ma- 
terially, yet  produced  such  a  blurring  as  at  times  almost  to  obliterate  the  view  of  the 
planet  Under  these  unfavorable  circumstances  a  time  of  probable  contact  was  noted. 
But  half  a  minute  later,  during  a  few  seconds  of  somewhat  better  definition,  it  appeared 
doubtful  if  contact  had  really  taken  place.  Bad  definition  immediately  followed,  and 
the  attempt  to  note  contact  had  to  be  given  up.  Some  seconds  later  the  sun  shone 
with  nearly  its  full  brilliancy ;  the  planet  then  appeared  to  form  a  notch  in  the  sun's 
limb  the  shape  of  the  letter  U,  the  length  of  which  was  fully  double  its  breadth,  thus 
showing  distortion   in  an   extreme  degree.     Had  this  state  of    things  occurred  a 
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minute  earlier  a  well  formed  black  drop  would  no  doubt  have  been  seen.  Before 
the  planet  went  off  the  sun  its  limb  again  became  so  disturbed  that  external  contact 
could  not  be  noted. 

Hence  it  was  impossible  to  have  recorded  a  time  of  internal  contact  at  egress 
which  would  not  have  been  liable  to  an  en'or  of  half  a  minute  or  more.  Even  during 
the  time  of  best  definition  between  third  and  fourth  contacts  an  observed  time  would 
have  been  liable  to  an  error  of  from  ten  to  twenty  seconds.  And  I  am  persuaded  that 
at  this  time  the  sun  was  not  more  disturbed  than  it  very  often  is  in  observed  transits. 
The  conclusion  I  therefore  draw  is  that  if  it  were  possible  to  select  from  a  collection 
those  observations  made  under  the  most  favorable  circumstances,  and  by  observers 
fully  prepared  for  the  phenomena,  we  might  either  reject,  or  assign  but  small  weight 
to,  all  the  other  results.  Unfortunately,  it  is,  in  most  cases,  impossible  to  select  such 
observations.  Still,  it  is  not  likely,  in  the  method  of  treatment  actually  adopted,  that 
the  systematic  error  is  considerable. 

The  main  conclusion  to  be  deduced  from  the  tables  is,  however,  that  there  are  no 
distinctive  features  of  contact  which  are  actually  noted  by  observers.  The  phases 
merge  into  each  other  by  insensible  gradations,  and  the  mean  phase  is  got  more  fre- 
quently than  any  phase  differing  from  it  by  so  much  as  5".  Especially  no  tendency 
can  be  seen  to  observe  anything  which  we  may  consider  true  contact,  apparent  con- 
tact, breaking  of  the  ligament,  etc.,  at  any  definite  time.  It  may  be  advisable  in  some 
cases  to  correct  an  observation  which  the  observer  particularly  describes  as  one  of  a 
special  phase.     But  even  this  must  be  done  with  caution. 
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Tabular  Summary  of  Obserimtions  with  their  Reductions, 


ABBREVIATIONS. 

P.  T.,  PhiloBophical  Tranmctiona  of  the  Rojal  Society. 

I'aris,  Memoirs  of  the  Freoch  Academy  of  Scienoea. 

M.  A.  A.,  Memoirs  of  the  American  Academy  of  Aria  and  Scienoea  (First  Series). 

P.  A.  A.,  Proceeding's  of  the  American  Academy  of  Arts  and  Sciences. 

M.  A.  P.  S.,  Memoirs  of  the  American  Philosophical  Society. 

M.  B.  A.  S.,  Memoirs  of  the  Royal  Astronomical  Society. 

P.  R.  A.  S.,  Proceedings  of  the  Royal  Astronomir^tl  Society. 

I^  v.,  Le  Verrier's  Annales  de  I'Obs.  de  Paris,  ▼. 

St.  P.,  N.  0.,  St.  Petersburg,  Nov!  Commentarii. 

B.  M.,  Memoirs  of  the  Academy  of  Berlin. 

A.  G.  £.,  Zach's  Allgemeine  Geographische  Ephemeriden. 

Znch,  Zach's  Monatliche  Correapondenz. 

II.  Internal  contact  at  Ingress. 

III.  Internal  contact  at  Egreas. 

IV.  External  contact  at  Egress. 

1677,  HOVEMBE&  7.0. 

[£(|iiation  of  time:  Ingress  —  15"  56" ;  Egress  —  15"  54".] 


Place. 


I 


St.  Helena 


Observer. 


Contact  and  description. 


9 

a 


0. 
8- 


Ilalloy I.  Limbns  Soils  a  Merc,  temeratus  21    26    17 


o 
% 


30. 


do 
do 


-f-99       ax    33    42     Catalogns      Stellarom 

Anstraliam,  App.,  p. 
:  ,  ,      (a). 

II.  Totns  Merc,  intra  Solem 21    27    30      +29.2 ai    34    55  • 

t 

III.  Limbtis  Merc,   attigit   Solis      2    40      8  1    -f22.o 2    47    28 

Limbiira.  | 

IV.  Solis  limbus integer  factns . ..     2    41    54  ;    -fa2    ,    -f2o        2    49    34  ' 


IV.  Egressum  e  Solo ,    3    26    56       —4        +30        2    52    14     Flarosteed,  Hist.  C(p1  , 

i,  187. 


Avignon Gallot 

!  I 

In  comitatn  Lan-     Townley IV.  Total  Egress I    2    54      o 

castria'. 


-  8 


Do. 


Gallet's  observation  may  be  rejected  without  discussion,  his  time  being  certainly 
more  than  a  minute  after  last  external  contact. 

Townley's  time  and  longitude  are  so  uncertain  that  his  observation  has  not  been 
used. 

Considering  the  errors  of  the  tabular  times  as  not  exceeding  half  a  minute,  it 
would  seem  that  both  of  Halley's  phases  at  ingress  are  a  minute  or  more  late,  and 
both  those  at  egi'ess  perhaps  a  minute  too  early.  The  most  plausible  explanation 
seems  to  be  that,  with  his  bad  telescope  and  inexpertness  in  observing,  he  did  not  see 
Mercury  at  first  contact  until  long  after  it  had  began  to  indent  the  solar  disk,  and  that 
Mercury  did  not  appear  "totus  intra  Solem''  until  the  thread  of  light  had  reached  a 
considerable  thickness.  At  egress  tlie  same  causes  would  produce  the  reverse  effects, 
though  probably  in  a  less  degree. 

These  observations  can,  therefore,  be  combined  with  those  of  other  observers  only 
when  this  probable  source  of  error  is  eliminated. 
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1690,  HOTEHBEK  la 

[Eijuatiuu  uf  time,  —  ly^  40*.] 
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PUce. 

OlMierrer. 

I 

'          CoDUctHHldcuripUon, 

J 

1 

} 

li 

1 

3i 

m 

4iilU..rUj«dr™«rk». 

1 

*.  «.  >. 

•^ 

A.    m.   1. 

Piiria,  Tli,  pt.  il,  p.  B70. 
P.  T..  )t.U.  p.  48s. 

...  WiiRsllun.. 

SaUi  ad  Uin.  lemporia  iidbai- 
Htntaiilt. 

I  ..  .. 

-6..^ 

According  to  Wuhzelbau,  his  observation  was  made  at  8''  36"  by  his  clock,  and 
the  mean  of  four  altitudes  following  it  ^ves  the  correction  —  1 1 ""  1 5*.  The  result  is, 
however,  several  minutes  in  error,  and  the  observation  is  not  worth  discussing. 

Nothing  is  said  of  the  instrument  with  which  Fontenay'b  observation  was  made, 
but  his  remark,  "  II  a  paru  toujonrs  dans  le  Soleil  comme  une  tache  noire  et  fort  ronde," 
implies  a  good  instrument.     The  planet  appeared  half  emerged  at  3''  1 7"  5'  app.  time. 

1697,  HOTEHBEB  2.8. 
[Equatiou  of  time,  — 16™  6*.] 


1     J 

if. 

1 

Place. 

Obaarvw. 

CauUeKaddMoriptlini. 

1 

..  ...|   .. 

h.    m.   >. 

p«rvBnitadSoli.[BarglneBipne- 

»    e  38    -.>.. 

Lev.,  p.  38. 

Mdeulem. 

The  second  observation  is  quoted  by  Flamsteed,  Hist  Ccel.,  but  I  have  found  no 
published  record  of  the  internal  contact.  The  time  is,  therefore,  adopted  on  the  author- 
ity of  Le  Vebbieb. 

The  observations  were  made  with  an  1 8-foot  telescope,  but  no  power  is  stated. 


17S3,  NOTEHBBR  9.1. 

[  EquAtiOQ  of  time,  —  ■  s"  $2*.  ] 


.u.. 

„..™. 

i 
1 
1 

i 

li 
1 

it 

ill 

s 

AutboHtywidra 

larka. 

MwifKdl 

Mmldi 

Mere,  entirely  wilhlq;  UnH»  Uu- 

h.    m.    ,. 

+'1 

I     >6     4t 

r.T.,x«iii,|,.»8. 

PKta,„.3.p.»M. 
PMfa..7.3.p.309. 
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1783,  HOTXHBES  9.1— CouUuiied. 


Flue. 

OlMerrur. 

1 

CcmlMtiuiddoKHptlaii.          ,          g 

'    1 

1 

li 

1 

111 

III 

Aalhoiit;  niid  remmrka. 

Merc  uUlt  entlircimvDt  natri  U 
•OD  bord  nwUt  oelui  dn  Solell. 

+.6 

h.    m.   1. 
a    ^    S3 

P.T.,  uiill,  p.j^. 
Do. 

Do. 

VflOttMd 

Orcenwioh 

Hdle 

Ho  WM  whoUy  entered,  the  light 
of  Itae  «ui  Jon  bei:iiiulD|{  to  ip- 
p«r  bcblud  hi*  iiilk. 

UsTD.  entire]?  within  the  diak . . . 

Here,  four  observers  describe  the  thread  of  light  as  fully  formed,  or  Mercury  as 
entirely  within  the  sun.  The  mean  of  their  times  is  2''  26"  56'.  Three  observers  are 
silent  as  to  the  phenomenon ;  the  mean  of  their  times  is  x**  26"  50*.  Whether  any  cor- 
rection should  be  applied  to  the  first  set  is  doubtful,  for  reasons  given  in  §  6.  Assum- 
ing Halley's  to  need  such  a  correction,  I  shall  adopt 
Contact  II,  2''  26"  52'. 

1736,  HOTXKBSB  laS. 

[Eqnatton  of  time:  Ingraw  — 15">  3T ;  Egieu  —  !$■"  36*.] 


Ptaco. 

ObMrrer. 

CoDUtt  U)d  de«ripUoii. 

1 
1 

1. 

i 

f! 

Adtborlty  ud  renuita. 

PliuUde 

llmntrrai 

h.    m. 
0    14 

:l 

D     iB 

a    iS 

0     8 

S3 

so 

6 
i( 

+■9 
+»■ 

4-i« 

-73 
-73 

-77 

-79 

.,     m    38 

.3    48    5= 
48    ss 

48     39 
48     s. 

S'     J" 
SI     49 

s"m 
s»    4 

J.     3» 

Hen.  deUontpdller,  IL 
P.T.,rt,«. 

UMkldf  

r»(»» 

A  few  Hicondi  brtwrni  oloudi ; 
jDdged  he  wu  entirely  wiltain 
orpertop..  little  more. 

SIonlpdliM 

B»I»B" 

r»ri. 

Hontpellier 

FlanUde 

UMBbtM 

m 

lb    I]                                              ' 

I 

y             .     .^. 

Hanldl 

PuMltltmbe 

_ 

PUntitde 

M»rfredl 

Berk 
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For  Second  eontact  we  may  reject  Graham's  doubtful  observations,  and  take  the 
mean  of  tlio  reuiaining  five.  At  third  and  fourth  contact  we  may  also  reject  the  obser- 
vations of  AtOAROTTua  without  question.     We  shall  then  have — 


Contact    II,  21    10  30 

III,  23  48  51 

IV,  23  51   50 

1740,  HAT  2.4. 
[EqiintioD  of  timo,  — 3"  35'.] 


A  nUioritj'  Rati  mnkrka 


I 


WiDthrop 1 


This  observation,  rude  and  uncertain  though  it  appears,  is  noteworthy,  not  only 
as  being  the  first  made  on  a  May  transit,  but  as  belonging  to  that  May  transit  in  which 
the  distance  of  centers  was  greatest.  It  may  also  be  remarked  that  estimates  of  the 
kind  here  given  are  more  accurate  in  comparison  with  contact  observations  than  is 
commonly  supposed.  We  may,  therefore,  see  what  conclusions  may  be  drawn  from 
them.  In  the  first  place,  the  tabular  interval  between  contacts  is  8""  28'.  Three- 
fourths  of  this  being  6"  21',  the  reduced  time  of  internal  contact  would  be  g""  43"  49'. 
The  general  character  of  the  intervals  between  observed  contacts,  as  estimated  by 
observers  in  those  times,  indicates  that  they  often  lost  sight  of  the  planet  when  one- 
fourth  of  it  was  still  on  the  disk.  The  general  conclusions  from  Professor  Wikthrop's 
observations  may,  therefore,  be  summed  up  as  follows: 

From  first  estimate,  time  probably  earlier  than  9*"  43"  49'. 

From  second  estimate,  time  certainly  later  than  g""  43°    9'. 

Therefore,  if  we  assume  9''  43"  29'  as  the  reduced  time  of  internal  contact,  the 
probable  error  of  the  result,  mistakes  aside,  would  seem  not  to  exceed  20'. 

The  ulterior  discussion,  however,  shows  a  probable  mistake  in  the  time,  since,  at 
the  last  recorded  moment,  when  Winthkop  thought  internal  contact  had  not  quite 
arrived,  the  contact  would  seem  to  have  been  decidedly  past. 


A  V,  PART  V[— 
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1743,  KOVEMBEE  5.0. 

[Equation  of  time,  —  i6'"  7*.] 


Place. 


Observer. 


Tx>ndon,  Surrey  at.    Short 


Paris 


I 


Lacaiilo 
MamUli. 


Thury 


Casaintjr. 
Caaalni,  sr 


Paris 


Tbury 

Loudon  

Cambridgo.U.S.. 
Paris 

Thnry 

London  

Cambridf(e 


Lacaille 

Maraldi 

Lo  Monnier. 


Cassinijr... 

Cassini,  sr . . 

Graham 

Bevis 

Winthrop . . 

LacAille 

Maraldi 

Le  MoDuier. 
CasMiniJr... 

Cassini,  sr . . 

Graham 

Bevis 

Winthrop  .. 


Contact  and  description. 


a 


p. 


o 

a 


6  9 
if  • 

5p. 


1 


68t5 

ill 

CD 


Anthority  and  remarks. 


a. 

-   5' 


II.  Just  past  internal  contact.  |  20    30    59 
Thread  of  light  A  to  3^  the  di- 
ameter of  Men-nry.  \ 

I 

II  me  parut  totalt>nient  entr^^ 20    40    38     —  50 

Je  Jngea  qn'il  6tait  tntieiement  1  20    40    46-50 

entr6  &  qne  son  bord  rasait  celui 

da  Soleil. 
II 


h.  tn.    8. 
so     14     37 


14    ao     Paris,  1713.  P-  »7.v 
14    28     lb.,  p.  281. 


Immersion  totale;  son  bord  tou- 
cliait  exactement  celui  du  Soleil. 

III.  Mercnre  me  i>amt  toucher  Ic 
bord  du  Soleil  pour  en  sortir. 

Merc,  roe  parut  raser  le  bord  du 
Soleil. 

Merc,  touche  int^rienrement  la 
clrcouf^renco  du  disqno  du  Soleil. 

Ill 

Son  bord  touchait  celui  du  Soleil . . 


20  40  34   -  50 
20  40  37   -  51 


14  16 


Il>M  P-  375- 


III. 
HI. 

III. 

IV. 


»o   3  + 

I 

10  17  .  -f 

1 

9  Sai  + 

10  26  -}- 

10  32  j  -f 


o  42 

«  33 


I 


20  17  5 

11  58 

12  18 
12  2 
12  24 


-  26 


+ 

+ 

I 
12   2  .  -|- 

2   16   -f- 

a  i6  -f 
20  18  58   —  26 


14  18  lb.,  p.  373. 

i 

o    44  52 
45   6  , 

44  4»  lb.,  p.  360. 

45  >4  , 
45  26 

I 

45  >6  I 

45  o 
o  46  47 

47  7- 

46  5a 

47  »3 

46  51 

46  50 

46  50 

46  53  j 


The  danger  of  assigning  special  interpretotions  to  the  language  of  the  observers 
may  be  seen  in  the  case  of  Maraldi,  who  describes  Mercury  as  wholly  entered, 
while,  at  the  same  time,  its  limb  touched  that  of  the  sun,  and  this  a  second  after 
Short,  at  London,  saw  the  thread  of  light  fully  formed.  It  would  seem  that  in  all 
cases  the  obsei'vers  at  ingress  noted  a  time  about  that  of  true  Contact.  The  time 
required  for  the  formation  of  such  a  thread  of  light  as  that  described  by  Short  would 
be  4"  to  6*.  If  we  subtract  5*  from  his  time  we  shall  have  20^  14""  22*.  Then,  tho 
mean  of  all  the  five  observations  will  be 

20**  14™  2o^8 

In  the  case  of  third  contact  there  is  nothing  to  indicate  any  separation  of  phases. 
The  general  mean  of  all  the  ol)servations  is 

o'^  45"  5".2 

Rejecting  Maraldi's  doubtful  observation,  we  have  seven  observations  of  last 

contact,  the  mean  of  which  is 

o^  46"^  53^7 
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The  actual  computed  interval  between  the  last  two  coiitiicts  ia  121*.  If  we  sup- 
pose the  observation  of  Cabsim  the  son  correct,  he  saw  the  planet  20'  after  the  mean 
of  the  other  observer»,  and  the  true  internal  contact  could  not  have  arrived  until 
after  o""  45°  12'.  But,  it  seems  hardly  likely  that  the  other  observers  should  have 
lost  sight  of  it  so  soon  were  his  observation  correct 

1763,  HAT  5.9. 
[Eqiiatiun  of  time,  — 3™  43".] 
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The  discordancea  among  the  timea  of  internal  contact  are  such  as  to  render  it 
diflScult  to  fix  upon  a  definitive  moment  as  that  given  by  observation.  An  indiscrim- 
inate mean  of  the  whole,  rejecting  only  the  doubtful  external  contact  by  Bououee,  gives 

Contact  111,  226     4 
IV,  22  8  50 
But,  in  reality,  the  observations  should  not  all  have  the  same  weight     If  we 
take  the  six  best  known  observers,  Cassini,  Le  Gentil,  Delisle,  Short,  Bevis,  and 
Bird,  the  mean  results  are, 

h.       IN.       ». 

Contact  III,  22  6     2  (5  obsj 
IV,  22  8  45  (6  obs) 

In  this  case,  the  times  of  internal  contact  still  have  a  range  of  28  seconds,  while 
the  agreement  in  the  case  of  external  contact  is  fairly  good. 

Looking  at  the  general  agreement  among  the  observers  of  external  contact,  it  can 
hardly  be  doubted  that  Mercury  was  entirely  off  the  sun  before  9"  o".  If  this  be  so, 
there  must  have  been  an  error  of  half  a  minute  or  more  in  the  times  of  the  obser\'ers 
at  Haarlem  and  the  Hague.  One  of  these  is  entirely  unnamed,  the  other  was  not  an 
astronomer.  Their  results  may,  therefore,  be  rejected  without  question.  The  descrip- 
tion of  his  observation  given  by  Lulofs  would  indiciite  that  it  was  very  exact  As 
his  time  is  the  latest  of  all,  and  40  seconds  later  than  the  mean  of  good  observers,  we 
are  obliged  to  reject  his  result  from  the  suspicion  of  an  error  in  his  time.  The  Naples 
observation  may  be  placed  in  the'same  category. 

We  have  left  the  five  observations  already  cited  by  known  astronomers,  and  eight 
others  by  comparatively  unknown  ones.  For  internal  contact  the  mean  of  these  eight 
results  is, 

Contact  III,  22''  5"  58' 

An  indiscriminate  mean  of  all  but  the  Dutch  observers  gives  22''  S"  44'.5  as  the 
time  of  external  contact.  The  following  times  seem  the  most  probable  from  all  the 
observations: 

Contact  III,  22  6    0.5 
IV,  22  8  45.0 

1766,  HOVEMBEE  6.7. 
[Er|iiiilioii  of  lime,  — 16™  3'  for  iHgreaa;  —  15""  P  for  u)jrcaa.] 
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It  is  remarked  by  Le  Vehrier  that  the  obaervationa  of  Gaubil  and  Amiot  give 
a  Bemi-diameter  of  the  sun  so  small  that  he  rejects  them  entirely.  Those  of  Haller- 
8TEIN  he  does  not  refer  to.  The  discordances  will  be  seen  from  the  circumstance  that 
the  tabular  interval  between  external  and  internal  contacts  is  only  i"  39',  while  that 
between  internal  contact  and  the  least  visible  phase  at  external  contact  must  be  10  or 
20  seconds  less.  It  is,  therefore,  certain  that  contact  III  was  observed  too  early  by 
all  the  observers. 

The  discordances  at  ingress  are  yet  more  strongly  marked.  Arranging  the  state- 
ments of  the  three  observers  in  chronological  order,  they  are : 


15;  Hallebsi'ein,  primum  visus. 

49;  Gaubil,  commence  k  voir  Mercur. 

30;  Hallekstein,  ingressus  lotus. 

51 ;  Gaubil,  le  centre  surle  bord  du  Soieil. 

1 2  ;  Amiot,  k  moiti^  entrd. 

545;  Gaubil,  Mercur.  tout  enti-e. 


Gaubil  and  Amiot  observed  together;  Hallekstein  in  an  entirely  separate 
place.  Gaubil  and  Hallerstein  had  14-foot  telescopes,  Amiot  an  SJ-foot  telescope. 
That  Gaubil  and  Amiot  saw  Mercury  only  half  entered  more  than  a  minute  after 
its  appearance  upon  the  disk  can  be  attributed  only  to  badness  of  their  telescopes. 

The  best  course  seems  to  be  to  reject  all  the  observations  except  those  of  last 
external  contact,  which  are  less  affected  by  telescopic  irradiation.  Giving  half  weight 
to  Amiot'b  observation,  the  mean  result  will  be. 

Contact  IV,  iS""  54'"  34". 


1769,  HOVEHBEB  9.4. 
[Equntiou  of  tiuiu;  lugrew,  —  t^"  51';  Egrow,  —  15"" 49".] 
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Williams  used  a  watch  without  a  second  hand,  wliich  was  set  by  transitu.  Ex- 
cept for  the  possibility  of  systematic  errors  in  the  otiier  observations,  his  result  should 
be  rejected.  In  view  of  this  possibility,  we  may  assign  it  the  weight  J.  The  results 
will  then  be, 

Contact    n,    7  22  47 

III,  12     9  51 

IV,  12    II    26  • 


1782,  HOTEMBEB  12.1. 

[EquatioD  of  time,—  15™  ji*.] 
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I       ^       I  I 

E 
CanUrt  nod  deicrlptlaii.  g 


2^    V'l. 


Pbllxlclplii* RitUoliooM.. 


Hocliega^ati Several ob*. 

Ipavlcb Cntter 

Obelaea ;  P»y«ou 

Cambridjca  . '  Wllliuix  ... 

I  Wlntbrop.. 

'  Wlltanl 


PiUno  ... 
.    RltlCPboa 


Willi  amaUtBliacaiH-;  pent 


Among  all  observed  transits  this  one  is  remarkable  for  the  nearness  of  Mercury 
to  the  sun's  limb,  the  least  distance  of  centers  not  being  30"  less  than  tlie  sun's  semi- 
diametev.  The  interval  between  intenial  and  external  contacts  was  more  than  seven 
minutes,  and  a  good  opportunity  was,  therefore,  offered  for  studying  the  phenomena 
of  contact 

At  Paris  ingress  occurred  late  in  the  afternoon,  and  egress  only  a  quarter  of  an 
hour  before  sunset,  so  that  the  sun's  limb  was  much  disturbed  by  atmospheric  vibra- 
tions. The  American  observations  were  made  under  much  more  favorable  conditions, 
so  that,  if  an  absolute  result  were  alone  aimed  at,  they  woulf^be  entitled  to  greater 
weight.  But  what  we  really  want  is  not  so  much  the  time  of  mathematical  contact 
as  a  time  corresponding  to  the  general  average  phase  noted  by  other  observers  in 
other  transits.  Now,  an  examination  of  the  descriptions  of  contacts  shows  that  in  this, 
as  in  the  preceding  transits,  it  seems  impossible  to  discriminate  with  certainty  between 
different  phases  of  internal  contact  merely  from  the  descriptions  of  the  observer. 
Thus,  Mec'hain  describes  "entree  totale"  two  minutes  before  any  one  else  saw  the 
thread  of  light  For  ingress,  one  course  will  be  to  reject  Cagnoli's  observation 
entirely,  as  clearly  in  error,  and  take  an  indiscriminate  mean  of  all  the  others.  This 
will  give 

Contact  II,  2''  42"'  1  6* 

On  the  other  hand,  we  have  been  led  to  suspect  that,  in  previous  transits,  obsen'- 
ers  with  bad  telescopes  were  apt  to  observe  internal  contact  too  late,  because  the 


394  TRANSITS  OF  MERCURY,   1677-1881. 

thread  of  light  would  not  seem  complete  till  after  it  had  attained  a  considerable 
thickness.  Should  we  reject  the  observations  of  Wallot  (int.  cont.)  and  Le  Monnieb, 
where  it  is  evident  the  thread  of  light  cannot  have  been  observed,  we  should  obtain 
2^  42"  29*  as  the  time  of  contact.  On  the  whole,  however,  it  seems  better,  for  the 
present  at  least,  to  accept  the  indiscriminate  mean. 

At  the  time  of  egress  the  sun  had  nearly  set  to  Paris,  so  that  the  observations 
there  were  made  under  very  unfavorable  circumstances.  The  American  observations 
being  made  nearer  noon,  deserve  more  careful  consideration.  •  In  treating  them,  it 
seems  advisable  to  take  the  probable  skill  of  the  observer  into  account.  Winthrop's 
observation  deserves  the  highest  weight,  because  of  his  care  in  describing  three  well- 
marked  phases.  There  seems  little  doubt  that  the  time  of  contact  from  his  observa- 
tions should  be  placed  between  the  second  and  third  phases;  perhaps  midway,  but 
more  likely  one-third  of  the  way  from  the  second  to  the  third. 

Next  in  order  should  come  the  observations  of  the  practiced  observers,  Williams, 
WiLLARD,  and  RiTTENHOUSE,  tliough,  as  they  do  not  describe  the  phenomena,  their 
observations  have  less  weight  than  those  of  Winthrop.  We  may,  therefore,  take  for 
the  three  best  results. 


h,        m. 

8. 

Winthrop,     -  3     49 

8  weight  2 

Williams,  -    -        49 

25  weight  I 

WiLLARD,  -    -         49 

19  weight  I 

RiTTENHOUSE,              49 

34  weight  I 

Mean,  -    -  3     49     19  (i) 

There  remain  five  results  of  comparatively  unknown  American  observers,  includ- 
ing Paine,  who  had  but  a  small  telescope.     The  indiscriminate  mean  of  their  times  is 

3^^  49™  27*  (2). 
The  indiscriminate  mean  of  the  six  Paris  observations  is 

3' 49"  35V  (3) 

If  we  reject  Oagnoli  and  d'Ayen,  the  mean  of  Cassini,  Wallot,  Mechain,  and 
Le  Gentil  is 

3^  49"  46"  (4) 

Considering  the  extreme  obliquity  of  the  motion,  the  accordance  of  these  four 
mean  results  is  quite  satisfactory.     In  combining  them,  I  shall  assign 

To  ( I )  the  weight  4. 
(2)  the  weight  2 

To  (3) +  (4)  the  weight  i. 
2  "^ 

giving  3^  49"*  24"  as  the  concluded  time  of  third  contact.     For  the  fourth  contact  we 
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can  do  no  better  than  take  an  indiscriminate  mean  of  the  eight  American  observations. 
We  thus  have,  for  the  concluded  times  of  the  geocentric  contacts, 


h.     m.       s. 


Contact    11,2  42    17 

III,  3  49  94 

IV,  3  55   29 


In  reaching  this  result,  however,  we  have  used  only  the  differential  reduction  to 
geocentric  time,  computed  by  the  usual  formulae.  But,  in  a  transit  occurring  so  near 
the  sun's  limb  as  this,  the  differential  reduction  will  not  be  sufficiently  accurate.  A 
rigorous  computation  of  the  times  of  contacts  has,  therefore,  been  made  for  Paris  and 
Cambridge  by  formulae  given  hereafter,  and  these  times  have  been  compared  with  the 
geocentric  times.     The  principal  steps  of  the  process  are  shown  in  the  following  table  : 


liffccl  of 
I'arallax 


A  (If'  -  If)     . 

Ar      .      .      . 


c 


Gr.  m,  I.  of  contact 

Geocentric  times 
Difference      .... 
Approximate  reduction 

A     second    approxima- 
tion gives  /      .      .      . 
Geocentric  times 
Difference      .... 
Approximate  reduction 

Corr.  to  approximate  re- 
duction 


Contact  II. 
Greenwich  M.  T.  2^.7. 


Paris. 


Cambridge. 


-I- 
-f 


2.10 

8.48 
o.oi 


+ 


4.87 

6.45 
0.02 


•  • 


-  730.45 

-  '963.14 

2085.95 
2094  54 

h. 

-  0.05072 

2.64928 

h.  m.     s. 
2  38  57.4 

2  41  59  5 
-h     3     2.1 

3  13 

2  38  58.6 

2  41   59-5 
+      3     0.9 

+      3  13 
—     12 


—  730.45 

—  1963. N 

2090.29 
2094.53 

h. 

—  0.02521 

2.67479 

h.  m.     s. 
2  40  29.2 

2  41   59-5 
+      I   30.3 
'  37 

2  40  30.8 

2  41    59.5 
-f      I   2S.7 

+      I  37 
-     8 


Contact  III. 
Greenwich  M.  T.  3''.85. 


Paris. 


Cambridge. 


-»-        3.19 
+        8.31 

—  o.oi 

+     151.32 

—  2092.48 

2089.89 
2095.63 

h. 
-f  0.03312 

388312 

h.  m.       s. 
3  52  59.2 

3  50     9-5 

-  2  49-7 

-  2  58 

3  53  0.1 

3  50  9-5 

—  2  50.6 

-  2  58 

+      7 


+ 


3." 

7.13 
0.02 


+     i5'-32 

-  2092.48 

2090.61 
2095  62 

h. 
+  0.02940 

3.87940 

h.  m.     s, 
3  52  45.8 

3  50    9.5 

-  2  36.3 

-  2  51 

3  52  47.0 
3  50    9-5 

-  2  37.5 
-25! 

4-     14 


Contact  IV. 
Greenwich  M.  T.  3^.95. 


Paris. 


Cambridge. 


3.26 
8.29 
0,01 


+     228.02 

—  2103.72 

2108.16 
2116.88 

h. 
+  0.04366 

3.99366 

h.  m.  s. 
3  59  37.2 

3  57  17.3 

-  2  19.9 


-  2. 94 

-H    7.19 

—  0.02 

+  228.02 

—  2103.72 

210S.5S 
2116.87 

h. 
+  0.04210 

3.99210 

h.  m.  s. 
3  59  3».6 

3  57  17.3 

-  2  14.3 


3  59  36.1 

3  57  17  3 

-  2  18. S 

-  2  58 


-f- 
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3  59  3»-2 

3  57  17.3 

-  2  13.9 

-  2  51 

+  37 


At  ingress  about  twice  as  many  observations  were  made  in  Europe  as  in  America. 
We  may  suppose  the  correction,  —  1 2*,  applicable  to  all  the  European  observations, 
and  —8*  to  all  the  American  ones.     This  will  diminish  the  general  mean  by  11*. 

At  egress  the  weights  of  the  Paris  and  Cambridge  observations  were  in  the  ratio 

—5 
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of  I  :  6.     Tills  will  givtj  +13  seconds  as  the  coiTectioii.     We  thus  have,  for  tlie  con- 
cluded j^eoceiitrlu  times: 

ft.    I".     ». 

Contact    II,  _'  42     6 

II'.  3  49  37 

IV,  3   56     6 

1786.  MAT  3.7. 

[E<iiiiition  of  time  —  j-"  aS-,] 
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The  fixing  of  a  definite  time  of  ingress  from  tlie  four  discordant  observations  is 
very  difficult  from  the  fact  that  Kumowski,  whose  description  is  clear  and  exact,  saw 
the  ingress  notably  sooner  than  any  one  else.     He  says : 

** Momentum  pro  contactu  interno  in  introitu  assumtum  est  a  me  illud,  cum  inter 
undulantes  et  tremulos  limbos  filum  lucidum  mihi  sese  obtulerit,  id  circo  realis  con- 
tactus  aliquot  minutis  secundis  a  me  observatuni  pr^cesserit  necesse  est." 

Granting  the  correctness  of  the  observation,  this  conclusion  is  sound,  and  geocen- 
tric contact  must  have  occurred  decidedly  before  14*'  5  "*  25". 

On  the  other  hand,  the  sun  was  only  about  8^  above  the  horizon  at  St.  Peters- 
burg, while  .at  liagdad  its  altitude  was  considerable.  Against  this,  however,  must  be 
placed  the  consideration  that  the  longitude  of  Bagdad  is  uncertain  by  some  seconds. 

At  Mitau  the  sun  was  still  lower  than  at  St.  Petersburg,  and  the  observer  gives 
no  (Jescription.     The  observation  may,  therefore,  be  passed  over. 

Some  light  may  be  thrown  upon  the  results  by  the  observations  of  external  con- 
tact     We  have : 

//.  Ml.        X. 

Tabular  interval  between  contxicts  I  and  II      -     -  416 

Ri'MOw.'^Ki  estimated  bisection  of  disc  at     -     -     -   16  59  44 
Inochoi'Zow  saw  **contactus  primus  sive  externus"   17     o     6 

There  is  clearly  a  blunder  on  one  side  or  the  other;  probably  an  error  of  one 
minute.  If  we  assume  Rumowski  to  be  correct  we  have  nothing  better  to  do  than 
accept  his  result,  and  put 

Contact  II  at  I4*'  59'"  25^ 

If,  however,  we  assume  an  error  of  i*"  in  RuMow^iKi's  time,  we  may  assign  equal 
weight  to  him,  Beaucuamp,  and  Inochodzow.     We  shall  then  have 

Contact  II,  1 5*^  o"*  8". 

We  cannot  decide  a  priori  between  these  hypotheses. 

Though  the  observations  at  egress  are  also  unusually  discordant,  there  is  less 
doubt  about  the  result.     In  the  first  place,  an  indiscriminate  mean  gives 

Contact  III,  20**  21"*  26". 

Examining  the  observations  critically,  we  may  reject  the  observations  of  d'Cksaris 
and  Toali>o  on  suspicion  of  an  error  of  one  minute,  and  the  doubtful  observation  of 
KoHLER.  Moreover,  we  may  suspect  the  two  London  observations  to  be  but  one, 
from  the  absolute  identity  of  both  third  and  fourth  contacts.  We  may  also  assign 
superior  weight  to  the  observations  of  Rumowski,  Inochodzow,  Prosperin,  and 
Messier.  The  mean  of  their  times  is  20^*  21"'  2  7\  The  mean  of  the  remaining  unsus- 
pected twelve  observations  is  20**  21™  28".     We  therefore  have 

/•.       in.       *. 

Contact  III,  20  21    27 
IV,  20  25     3 
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1789,  NOVEMBEE  5.2. 

[k<|nation  of  tiine=  —  i6'"  ii*.] 


V]tu'v. 


Ob»cr\'CT. 


Contact  ond  description. 


p. 

e 

o 


I     ° 

1     i  C 

t  * 

i    ?  ft 


Vienna  .     . 
Prague 


Trie»necker 
(lerHtner 


II 2    15      fy 

Sure  to  2  Hccond^     ....   i    51     i^> 


MarneilleM l>e  TliuIiH (JewiRj* i     31 


Paria MtHHier Mercur.  toucliait  encore i  18  47 

do le  conuuen<,a  A  voir  un   tllet   de      i  18  s^> 

luniiere. 

M^cliaiu AliHonderunjj  der  RUnder i  iq  o 

Caa.Hini I  i  19  5 

Delambre i  19  2 

Montauban I)e  la  Chnpelle.. i  15  14 

Cambridge WillanI ' 20  25  52 

I 

Pbi]a4lelphia Kittenhouao 19  53  2*) 

5 


Waabin|]Cton   Col-     Smitb 20 

lege. 


0 


Montevideo (ialliana Ill '2    15    11 

Cambridge Willard 1     15    44 

Pbiladelpbia Rittenhtmso 


Wasbington   Col-     Smitb 
lege. 


o     41     24 
o     55     i<» 


William  and  Mary.  MadiAon o  53  42 

AndrewM o  53  48 

Cambridge Willard    IV 1  17  36 

Pbilailelpbia Kittenliouiu> o  45  4 

WaHbington   ("ol-  Smith o  56  35 

lege. 

William  and Mar.v.  Andrews o  55  19 


s  © 

u  ^j  ♦- 


Autborit  V  ami  remarks. 


-  22 

-24 


VivierH Flnugergues 1     28    ^o         —25 


-28 


-26 
-46 
-46 
-46 

-i  21 
r  «2 

-\    7 

^  2 


h.    m.  «. 

05^  I      I».  J.,  1794.  I /».  ^ 

o     53  II        r».  .1.,  1714%  no.  lU<':iU  tillM*. 

o     53  4       |{  J..  i7(»«..  124. 

51  2" 

52  47 

53  "  . 

1 

53  5 

5J  2 

53  >2 

53  22  , 

33  12  I  Mean  tinu>. 

52  13  ! 

I 

5  44  I  >  H.  J..  1794.  I /.. 

44  »3 

44  »2 


44  »» 

44  »7 

5  4^'  .  5 

45  '>2 

44  4» 

45  48 


The  **  Washington  college"  ol)servations  are  assumed  to  have  been  made  at  an 
institution  of  that  name  in  Chestertown,  Md.;  but  this  is  purely  conjectural.  No 
locality  is  mentioned.  Their  systematic  discordance  indicates  an  error  in  the  time, 
and  they  are  not  used. 

The  ingress  affords  a  case  in  which  the  astronomer  must  feel  in  doubt  what  con- 
clusion ought  to  be  drawn  from  the  combined  observations.  Supposing  the  observ^a- 
tions  of  Messier  and  Mkchain  correct,  the  true  contact  must  have  occurred  before 
Qb  j^m  q8  j3^|.  every  one  of  the  other  observers  assigns  a  time  later  than  this.  The 
general  mean  results  are : 

True  contact,  from  observations  of  Messier  and  Mechaix    -  o  52  56 
Indiscriminate  mean  of  all  the  observers 0538 

If  we  employed  no  transits  except  those  in  which  we  could  deduce  a  time  of  true 
contact  from  the  descriptions  of  the  observers,  we  should,  no  doubt,  use  only  the  first 
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result-  But,  being  obliged,  in  many  cases,  to  use  indiscriminate  means,  the  last'result 
is  not  to  be  neglected.  On  the  whole,  it  would  seem  that  the  mean  of  the  two  is  about 
the  phase  we  want. 

The  third  contacts  offer  no  difRculty.     In  the  fourth  we  give  double  weight  to 
WiLLARD  and  RfTiENHOUSE.     The  concluded  results  are,  therefore, 


:  Si.  ril*r 

KmV*a . 


Bnlin    .. 


h.     m.      (. 

Contact    If,  0  53     2 

111,5  44    >2 

IV,  5  46     8 

1799.  MAY  7.1. 
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1      111 

lo  1>U. 
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„     y.     . 
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■}    S8 
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1799.  MAY  7.1— Contiimea. 


Conlact  aiiailp>i-ii|>lioii. 


SI.  l'[-tfl»b 

ItimiowKkl 

Ill 

Eln  Sw-Offlcier 

BrcHlnu-,. 

Spli«nm'h™  Tr  iif.i, 

B-HHirDDB 

u„.,™.. 

KiiUlor 

Tropf,  n  pnrtoht 

Tnipf.  n  vpisebwiiuilon    

Hnniburg- 

rari. 

F.il.»ol.wmerrunckl 

DeLnmb.  <..... 

LoilctcHl  . . . 

TinngliMn  

A,,..,.™... 

H[.  Pi-tfliali 

rR... 

Uainowskl 

IV 

«'•■■"'"•■'- 

JnngnlUII 

Da  1  ■ 

Kotk 

(- 

nc-v 

Bud 

' 

_ 

V    i 

Mcfhflin 

■          1    * 

e^ 

1              1 

H^- 

1         !|l 

fi 

J-i^ 

III 

**  "^   'j 

30    33 

I      nUBlilcIn  makeSKood  0 

I      Tstiimi  amlEMiKRiiM 


m    "     A.Q.  E.,lv, .; 
30    ,s     MmbIIoi*, 
30    33      M.C.Tilt.lK 


The  discordances  at  inj^ress  ai'e  striking,  but  do  not  prevent  us  approximating  to 
a  definite  result.     In  the  first  place,  we  have  four  observers  who  distinguish  between 
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inner  contact  and  thread  of  light.  From  these  we  may  reject  Triesnecker,  from  the 
extraordinary  interval  of  6i  seconds  between  the  phenomena.  Taking  the  mean 
between  the  times  of  the  two  phenomena  in  the  other  cases,  the  results  for  contact  II 
are 

/♦.      Ml.       8. 

Trie^necker      21   9  45 

KOHLER       -       -  9    48 

Mechain    -     -         9  39 


Mean    -     -  21   9  43 

We  note  also  that  the  mean  of  the  three  intervals  between  the  two  phenomena 
is  6^ 

Next,  we  may  take  the  well-known  observers  who  do  not  describe  the  phenomena, 
BuKG  and  Vkga,  who  noted  the  thread  of  light,  and  v.  Beeck,  who  seems  to  have  made 
a  satisfactory  observation.     From  the  times  of  the  three  lastnamed  we  may  subtract 
5®  to  reduce  them  to  probable  true  contact.     We  then  have  the  following  results  : 

h,    m.    tt. 
RUMOWSKI     -    21    9    25 


BiJRO      -     - 

9  43 

Vega      -     - 

9  48 

David    -     - 

9  40 

Bode      -     - 

9  44 

BOUVAKU 

9  28 

Lalande 

9  57 

Delambke   - 

9  67 

V.  Beeck     - 

9   15 

Mean  -     -  21   9  41 

Should  we  reject  the  three  Paris  observations  and  that  at  Amsterdam,  on  account 
of  their  discordance,  the  mean  result  would  be 

2 1  ^'  9"*  40^ 

From  the  remaining  observations  we  may  reject  those  of  Kremsmiinster  and 
Leipzig  without  question,  as  well  as  that  at  Utreclit,  where  clouds  rendered  tlie  obser- 
vation late.     The  indiscriminate  mean  of  the  remaining  ones  is 

21^  9"*48^ 

But  there  is  little  doubt  that  the  Breslau  observations  should  be  rejected  from 
any  mean.     We  should  then  have 

Mean  of  10  observations,  21^  9™  4I^ 

The  different  classes  of  observations  seem  to  group  themselves  so  clearly  around 
the  mean  21^  9"  42*  that  we  may  adopt  this  as  the  time  of  contact. 
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Treating  the  observations  of  egress  in  the  same  general  way,  we  note  that  tliree 
observers  observed  separately  the  formation  of  the  black  drop  and  the  internal  con- 
tact.    Moreover,  the  means  of  their  times  agree  almost  perfectly,  and  give 

Contact  III,  4*'  30"*  3 5". 5 

Other  experienced  observers,  who  do  not  describe  any  phenomena,  give  the 
results : 

h.     m,      8. 
RUMOWSKI        -    4    30    27 


liODE    -       - 

- 

30  31 

BURKHAHDT 

- 

30  29 

Messier   - 

- 

30  49 

DtLAMBRK 

- 

30  27 

BOUVARI)  - 

- 

30  21 

Maskelyne 

- 

30  26 

Wll  SON      - 

- 

30 16 

NI8BET 

- 

30  36 

T.  F.   -     . 

- 

30  30 

Troughton 

- 

30  22 

Mean     - 

-  4 

30  29 

f  the  remaining 

twelve 

4'  30" 

24" 

• 

But  there  is  little  doubt  that  we  should  exclude  the  three  observations  at  Breshiu. 
The  mean  result  will  then  be 

^h  2o'n  29®. 

The  mean  result  to  be  adopted  may  be  fixed  at  4^  30'"  32*. 

For  fourth  contact  we  reject  the  observations  of  Hoffman,  Jungnffz  II,  and 
Ender,  as  well  as  the  doubtful  ones  at  Hamburg.  We  thus  have  the  following  geo- 
centric times  for  the  three  contacts  : 

Contact    II,  21      9  42. 

III,  4  30  32 

IV,  4  33    16 
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6 


Sin, 

5     I 
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2.5 


Naples  I  Cassela IV o 
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Lilienthal Srhriiter i o 

,  Harding | '  o 

Qnedlinburg '  Fritache ; 1  o 

Marseilles '  Thulis I  o 


Viviers 
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Paris    '  Inland** 
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Lalande,  Nov 
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Mecliain 

Burckbardt.. 
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'  Best 


29  ' 

44  I 

54  !• 

6    49  .. 

6    45  ' 

6  45  1 

57     21  I 

57     21  ; 

55     5'5  I  • 
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49       9  • 

I 
48       9 

I 

40     48  . 

18     33  '• 

18     36  I. 

27  4»  ; 
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17     13  : 

7  5<>  I 

8  20 

8     19  I- 

8     19  , . 
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8     ?o  i  . 
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23 


59       » 
58     57 


•JO© 
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Authoritv  and  remarks. 


—I 


— 13 

—  10 

-15 
-M 
-M 

-15 

—  »5 


T7       3m       —16 
ifi     58     , 


—  20 


h.   m.  g.    ' 

23    41      3     Paris,  1806,  p.  55. 

40  57 

41  10  ■ 

4t   3  I 


Zat'b.  Mount.  Corr.,  Vr,  567. 


-M 

-15 
-16 
-18 


41  25 

4t  iS 

41  14 

40  57 

41  13 
41  8 
41  3 
41  17 

40  22 

40  50   lb..  VIT,  p.  81. 

i 

40  50  j 

41  5 
41  15  ' 
41  10  I 


I 


41 
4t 

41 
4» 


6 

6 

I 
I 


I 


23  42  39 

42  35  I 

42  21  I 

42  29  I 

42  38  I 

42  4»  I 

•42  ^5  I 

I 

42  15  I 

42  13  j 

42  17 

42  41 

42  40  I 

42  40  ' 

42  51 

42  4» 

42  4»  I 

42  37  I 


Giving,  double  weifjht  to  each  of  the  Paris  and  Greenwich  observers,  and   to 
SciiROTER  and  Harding,  the  mean  result  for 


h. 


m. 


H. 


Internal  contact  is    23  41      5 
External  contact  is  23  42  34 


a.  p.,  part  VI- 
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1822,  NOVEMBEB  4.5. 


Platte. 


ObmTvtT. 


ContM't  ami  dcHcnption. 


a 
ce 


•E 


5e  -J 

II 


Authority  anil  remarks. 


h.  m.  M.  M. 

Calcutta Ho<l«rHon II 18  56  16  —43 

i 

Paramatta ,  Kiinikor Complete  immorHion 23  7  20  -\-26 


ta-z 

»■♦< 


h.    tn.    s. 

13      2      8     M.K  A.  S.,iii,  1x0:  uncertain  to 

4  or  5  aeconda. 

3    4a     P.  T.,  1829,  app.  p.  30;  A.  K.,  il, 

210. 


Sydney Brifibanc 23  8  6 

Til - 21  ,8  34 

38  42 

Kurnaul Knwer —  2<j  5^  46 


(•alcutta lI<M]gfiou. 

Herbert. 


Paramatta KiiDik«>r  . 

Sydni' V HriHbane . 

("alcutta liod^Hon. 

Herbert  . 

Kurnaul Euwor... 

I'uranmtta Kiimkcr  . 

Sydney Di-inbanc 


TV 


I  49  8 

21  40  56 

21  40  55 

20  56  16 

I  52  7 

I  53  o 


+27 

-  6 

—  II 

+  14 
+  M 


3  42 

»5  45  3 
II 

45  28 

45  18 

45  25 

15  47  25 

47  24 

47  58 

48  17 
48  23 


Hodgflon  UMe<l  a  jmwer  of  45  at 
ingretM,  and  60  at  efn^MiA. 


The  discordance  between  Hodgson's  observation  of  ingress  and  the  observations 
of  Ri'MKKR  and  Brisbane  is  embarrassing.  If,  as  appears  to  be  the  case,  Brisbane 
never  published  his  observations  liimself,  it  is  hkely  lie  assigned  them  little  weight 
As  a  combination  of  Hodgson's  observation  with  the  other  two  is  out  of  the  question 
we  must  for  second  contact  adopt 

with  a  suspicion  that  it  may  be  too  late. 

For  third  contact  there  seems  no  better  course  than  to  combine  all,  giving  greater 
weight  to  RCmker  and  Brisbane.     The  result, 

Contact  in,  15^'  45"^  I8^ 

seems  most  probable. 

The  fourth  contacts  observed  at  Calcutta  again  are  troublesome,  because  it 
hardly  seems  probable  that  the  planet  should  have  disappeared  from  sight  more  than 
a  minute  before  external  contact.  We  shall  therefore  reject  their  results.  The  mean 
of  the  remaining  three  observations  is 

Contact  IV,  15^^  48"  I3^ 


All  these  results  must  be  regarded  as  more  doubtful  than'  usual. 
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1832,  MAT  5.0. 


Place. 
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Contact  and  deecriptioo. 
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Cape 
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Prague 
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Henderson... 
Bof^slawski. 
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A. 
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Marburg . . 
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David , 22 

Santini    , 21 

Bianchi '  21 

Schumacher 21 

Peterson | 
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Gerling 


m.  i. 

24  39 

«9  13 

"  3 

o  25 

49  59: 

46  50 

42  41: 

42  7 

49  29 


I  —100 

I  +  43 

'  -f  40 

I  +  30 
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I 
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mation of  black  drop. 
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21   3  31  Ast.  Nach.,  X,  186-7. 
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The  observations  afford  little  ground  for  discussion.  In  ingress  we  may  omit  the 
doubtful  observations  of  Scuumaciikr  and  Santini,  and  in  egress  tliat  of  HeniTerson, 
and  take  an  indiscriminate  mean  of  all  tlie  other  quoted  results.     We  thus  have 

ft.      m.      ». 

Contact     II,  May  4,  2 1      3  32 

III,  May  5,     3  46  40 

IV,  May  5,     3  49  52 

1845,  HAT  B. 


lirsa 


lIuILt' 


Gnlli'uakiip  .. 

Dorpat .  Miiillrr 

Setli-iibfiB. Hnpkfl 

Ni™«teiilpu So!.iimm-h« . 


IV( 


a.  Si:liui 


Coniniun<i'ii(cil  by  O.  tttnivF 


A.  N,  !.iiii,  Ml. 
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1846,  MAY  8— Continued. 


Place. 


Observer. 


Coutact  and  description. 


Hamburg 


Geneva . . . 
Marseilles 
Brussels   . 


R&mker He  thinks  too  early 

Gotze 

Funk 


Olde 

Plantamour 


Valz 


Greenwich. 


,  Portland,  Mo 
,  Princeton .   . . 


Now  York 


Cobb    Hill,    near 
Baltimore. 

West  Point   

Charleston,  S.  C . . . 

Cincinnati,  Ohio . . 

Poillund,  Mc 


Quetelet 

Houzeau 

Bouvy 

Liagre 

H Through  clouds 

Ingress  ccrtiiiu 

C.H.Davis    

Alexander Interaal  contact 

Penumbra  or  black  dri>p  broke 

T..oomis A  faint  line  of  light  l>egan  to  show 

itself  between  the  limbs  of  the 
planet  and  sun. 

J.H.Perrv? 


23     a?     58  I  —  21 


Bartlett 


Gibbcs. 


Nantucket. 
Cambridge. 


Middletown 
Pi  inceton . . . 


Mitchell 

C.H.Davis  .   ..      III.    The  disc  of  the  phinet  ap- 
peared   to  elongate  or  make  a 

1 

bead  upon  the  edge  of  the  sun. 
I      Vrry  uncertjiin. 
Mitchell Planet  sharply  defined 

W.C.Bond 

G.P.Bond 


Aug.  W.Smith. 


6 
6 


2 
2 


A  lexander Penumbra  reappeared 

Internal  contact  ...... 


New  York. 
Providence 


Loomis A  mean  of  three  phases . 

Caswell I 


G  reat  Meadow  Sta- 
tion, Mass. 


,  Cobb  Hill. 
Baltimore. 


Bache Disc  of  planet  appeared  to  unite 

into  that  of  the  sun. 
Keal  contact  ? 


5  56 

5  48 

5  48 

5  50 

6  I 


31  4-122 

32   

I 

3»  

33  -i  "I 

33   -i->'9 
40  

44  ;  -f  »2» 

I 
20  ■  +I2X 


St.  Mary's  College, 
Annapolis,  Md. 

West  Point 

Charleston 

Cincinnati 


Perry?. 
Gould  . 
Veraut 


Princeton . 


Bartlett 

Gibbes.. 

Mitchell 


Alexander 


6  2 

5  4» 

5  40 

5  40 

5  5» 

5  27 

5  9 


48  

8  -fix? 

46  +117 

55  +"7 

28  4  120 

40  +108 

17  I  +112 


FtJUKTH  CO.NTACrs. 


New  York. 


Probably  last  contact;  a  drop  still 

adhering. 
Merc,  certainly  disappeand 

Loomis Planet  ceased  to  make  a  sensible 

Impression. 


• 

0 

ric 

i  ^ 

S 

a 

ax 
B  0  «A 

«9 

1^ 
c  a 

«  0 

C3 

&  et 

w^M  a 

s 

m. 

t. 

M. 

0  . 

h. 

k.    m.    8. 

5 

2 

26 

4-61 

4  23  33 

5 

2 

43 

23  50 

5 

2 

46 

23  53 

5 

2 

50 

23  57 

47 

22 

+  74 

23  59 

A. 

44 

9 

4  79 

23  53 

40 

29 

4-64 

24   4 

40 

29 

■  •  •  >   •  •  - 

24   4 

40 

26 

24   I 

40 

22 

23  57 

21 

59 

4  61 

23   0 

22 

21 

23  22 

23 

43 

54 

-  14 

4  24  41 

23 

25 

18 

—  21 

23  35 

23 

25 

26 

23  43 

Authority  and  remarks. 


23     35 


The  American  obs<;i  vat  urns  are 
aliiiostjrntirely  from  tho  un- 
published records  of  the  U.  S. 
Coast  Sui-\'ey. 


23 

28 

33 

—  20 

1 

24 

3 

23 

4 

51 

-  30 

24 

5 

22 

46 

18 

—  JO 

33 

-^9 

6 

5 

36 

4-123 

10 

48 

40 

48  57 

49  5 
49  4 

49  »i 

49  10 

49  »7 

48  53 

49  21 
49  13 

49  41 


5  51  48 


5  52 
5  54 


8 
89 


49  »8 

49  »2 

49  8 

10  52  25 

52  45 

52  26 


4o8 
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Place. 


Observer. 


Contact  and  description. 


6 


s 


o 

a 

Si 

2  ft 


A.  Tn.  i. 

Providence   |  Caswell 6  5  14 

Portland |  Davis ! I  6  8  38 

West  Point Bartlett 5  54  55 

Middletown A.W.Smith 5  59  58 

Nantucket Mitchell 6-9  56 

Charleston Gibbes ,- 5  30  55 


•2"Sg 

o 


Authority  and  remarks. 


8. 


h.    m,  i. 

to  52  51 

51  42 

52  45 
52  36 
52  22 
52  27 


Studying  the  results  for  ingress  we  may  act  on  the  following  conclusions : 

1.  No  doubt  of  a  mistake  of  lo™  in  copying  the  Reval  observations. 

2.  As  RuMKER  considered  his  observation  too  early  we  may  reject  it. 

3.  H.'s  observation  through  clouds  should  be  rejected ;  his  certain  one  retained, 

4.  Davis's  observation  is  probably  i™  in  error,  but  as  he  gives  no  description, 
cannot  be  safely  corrected.     We  therefore  reject  it. 

5.  ALEXANDtR's  two  observations  should  be  separately  retained,  the  sun  being 
high  and  his  description  clear. 

The  mean  of  the  25  observations  of  first  internal  contact  is  4*"  23™  50". 

At  egress  Davis  describes  his  observation  as  very  uncertain,  and  the  time  that  of 
first  elongation  of  the  planet.  The  average  correction  for  this  phase  is  + 10*;  we  may 
apply  this  and  assign  ^  weight  to  his  results.  We  may  also  assign  double  weight  to 
Mitchell,  of  Nantucket,  and  the  Bonds. 

From  Baciie's  diagram  I  judge  the  most  probable  time  of  contact  is  found  by 
applying  +  5*  to  his  first  observation.  The  mean,  with  these  modifications,  becomes 
10^  49"'  7^     We  thus  have, 

h.      m.     H. 

Contact    II,    4  23  50 
III,  10  49     7 

For  fourth  contacts  we  may  include  Alexander's  two  observations  separately 
and  reject  the  Portland  observation  as  certainly  in  error.     We  then  have 

Contact  IV,  10^*  52™  35^ 
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1848,  NOVEMBEB  8. 


Place. 


Hambnrg 


Altooa 


Geneva 


Leiden . . 
BruwM^ls 


Ureenwich 


Regent's  Park . . 
Liverpool 


Observer. 


Contact  and  description. 


Riiniker 

Weyer 

Jurgensen  . . 
Breymann  . . 

Schnmacher 


Kr  liUlt  das  Moment  fiir  gcnan. 
II 


a 

a 

S 

"3 

^4 


Peterson . 
Sountag  . 
Olde 


Plantamonr. 
Bruderer . . . 


*3 


Oudemanns ; 123 

23 


Quetelct . 
Bouvy  . , 
Houzcau 


Airy. 
B... 
H.... 
E... 
R... 
D.... 
H.B 


Notablcraent  trop  tard . 

Breaking  of  drop 

Ingrf  AS  complete 

No  distortion 


31  33 

31  25 

24  59 

24  29 

24  27 

24  59 


23 


7 

7 

6 

7 


M 
»5 
59 

4 


Hind. .  .■•... . 


23 


Hartnup \  23 


Durham Thomson 


Cambridge |  Challis. 

I  Brean.. 


Hartwell Dell 

Princeton Alexander , 

Princeton Alexander . 

Loomis  — 


Well  observed  ... 
III.  Dark  fringe. 
IV 


rv 


23 

25 

23 
23 

23 

23 


u 


a 


•« 

& 


h.     m.  f. 

23    46  40 

46  46 

46  58 

46  52  I... 

i 

23     46  45      - 


46  9 
46  33 
46     41 


—    10 


10 


—  12 

—  II 

—  12 

—  13 


a 
® 

o 


h. 

23 


w. 

6 
6 
6 
6 


7 

«3 

7 

7 

6 

19 

6 

26 

-  15 

6 

54 

-  16 

6 

56 

-  »5 

6 

48 

-  14 

6 

47 

3 

57 

-  15 

29 

52 

—  22 

3» 

36 

3* 

32 

t 

6 
6 
6 

6 
6 


6 
6 
6 

6 
6 
6 
6 
6 
6 
6 

6 

6 

6 

6 
6 

6 

28 


s. 
36 
42 
54 
48 

48 

12 

3^» 
44 

45 
37 

50 

48 
46 
78 

60 
61 

45 
50 
59 
53 
5 

48 

38 

41 

34 
33 

66 

8 


Anthoiity  and  remarks. 


A.  N.,  xxviii,  106— 108. 


From  34' to  52*  contact  don btful. 

Then  permanent  separation. 
During  meridian  transit. 


lb.,  p.  121. 

A.  N.,  xxix,  154. 

Obs.  on  screen. 
Greenwich  olw.,  1848. 


4 

4 


29     52 
29     48 


RrjectcMl. 

A.  N.,  xxviii,  no. 

Greenwich  m.  t. 

Do. 

M.  N.,  R.  A.  S.,  ix,  3. 
Greenwich  mean  time. 

M.  N..R.A.S.,  ix,22. 

A.  N.,  xxviii,  151. 


Rejecting  the  doubtful  observations  of  Petebson  and  Houzeau,  and  the  discord- 
ant one  of  H.  B.  at  Greenwich,  we  may  take  tlie  mean  of  all  the  otheiu  We  thus 
have — 

Contact    II,  Nov.  7,  23     6  47 

III,  Nov.  8,    4  28     8     (only  one  observer). 

IV,  4  29  40 
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1861,  NOVEMBEB  11.8. 


Place. 


Obftcrvor. 


Contact  and  deHcription. 


Sydney 


Scott n. 


HobartTown I  Abbot Doubtful 


3 
3 


Adelaide  

Nicoliyew 

Batavia ;  OudemannH 

Bntavia 1  Ondcmanns 


To<ld Very  exact '    2 

Knorre 19 

On  scrr^en o 

III.  On  screen 4 


Nicoli\jow '  Knorre,  sr ; 23 

KnoTTc,  jr 1 23 

Pnlkowa Wagner ^    23 


s 


a 
S 


o 


m. 
24 

9 
34 
29 
27 

25 

27 
27 

20 


o  « 

Si 


is 

a  V    . 


Authority  and  remark g. 


« 


H    =    0 


34      -h  30 

36  I  4-  22 
12    -f  23 

15  I  -  19 
24    +  14 

21  I  4-  21 
1-48 


h. 

17 


23    -  49 


I  Kortazzi 1 23 

Athens I  Schmidt I  22 

Vienna "Werdmnller . . ,  22 

Malta Lassell ,.    Good 22 

Berlin Encke 22 

;  Forster \ 

Tietjen I 

Romberg 

Copenhagen d'  Arrest Black  band  ao*  before  actual  con-     22 

I        tact. 

I  I 

Scl\jellenip ' 

Rome Secchi ■ 22 

Rbsa 


20    28 
54       6 


23     54      -  52 


Leipzig '  Bmhns 

Engelmann. 

V.  Zahn 

Auerbach.. 


22 


18  6 

12  51 

12  58 

12  48 

12  56 

9  52 


9  5« 

9  9 

9  16 

8  36 

8  41 

8  42 

8  34 


-  48 

-  54 


54 


-  51 


—  54 


Padua '  Michez 


Durham ,  Cheralier. 

Marth  .... 


22 
21 


6     34      -   52 


>9     13 
19     14 


I  Waterloo \  Joynson 


I 


Edge  Hill Jee 


-   5^ 


-   55 


Grantham Jeans 


Manchester. 
Liverpool . . . 


Raxendell 


ITartnup Line  of  light  formed  and  broken 

several  times. 


Batavia Ondemanns 

Nicomew Knoire,  sr., 

j  Knorre,  jr  .. 

Leipzig Bmhns 

,  Kngelmann  . 
1  Auerbach  ., 


IV 


4 

'-•3 

22 


19  14 

20  00  I   -    S5 

19  18 ; 

19  9 

19  14 

27  24  :  -f  21 

29  7  1  •-  48 


-  54 


Pnlkowa Struve 

j  Kortazzi 

Vienna i  Werdmullcr 

Malta ;  Lassell 


23 

22 
22 


29  7 

II  2 

10  49 

TI  3 

22  46    I     —    49 


22 

35 

26 

17 

20 

21 

-  52 

-  48 


21 


m.    i. 
20    13 

20  37 

20  t4  j 

2t  I  .  A.N.jlvi,  336. 

20  18     A.  N.,lvil,  158. 

18  22  Do. 

18    19     A.N.,lvi,  336. 
18    ax  ' 

I 

18    15     A.  N.,  Ivi,  303.    Thick  cloud  A. 
Planet  faint. 


—  47 


18  20 

18  24 

>7  30 

19  16 
18  22     A.  N.,  Ivii,  44. 


A.N.,  Ivi,  315. 
A.  N.,  Ivi,  255. 


18  29 

18  19 

18  27 

i8>  39 


18  38 

18  23 

18  30 

18  8 

18  13 

18  14 

18  6 

18  13 

18  17 

18  z8 

18  19 


Do. 
Do. 
Do. 


A.N.,lvi,  329. 
Do. 

A.  N.,  Ivi,  345. 


55 

18  23 

55 

18  14 

56 

18  18 

N.,  Ivii,  5. 

Greenwich  mean  time. 
Do. 

Do. 
Greenwich,  2J"  aperture. 
Greenwich  mean  time. 

Do. 

Do. 


21  20 

25 

20 

25 

20 

34 

20 

21 

20 

35 

20 

38 

20 

27 

19 

53 

21 

31 
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1861,  NOVEMBEE  11.8— Continued. 


r'ni'o 


Observer. 


Contact  and  deAcription. 


9 
B 


I     a 


Berlin Encke  . . 

Forster 


IV. 


Copenhagen 


s 

h.    tn.   i. 


u 


22       15 


Tietjen 

Romberg ' 

d'  Arrest 22 

Scbjellerup ' 

Thlele i .* 

Secchi ! I  22 

I i  22 


15 

4» 
II 


o 
58 

3 
56 

37 
36 


i. 

-   54 


-   54 


22 


Rome 

Rom 

Padoa '  Micher 

I  Segnovi i 

Darbam I  Chevalier 21 

.      I  Marth 

Waterloo '  Joynson 

Edge  Hill \  Jee 

Grantham Jeans  , 

Manchester 1  Barendall 

Liverpool '  Hartnup 


II    44 
»7 


II 
II 


51 


la  I 

i 
8     42-52 


8     44 


21 
21 


«3 
19 


-  56 

-  55 


21  9 

31  20 

21  34 

21  23 

21  26 


ii-g 


h.    fn.  M. 

21      20  31 

30  29 

20  34 

20  27 

30  34 

20  23 

20  31 

20  31 

20  26 

20  21 

20  23 

.  20  17 

20  23 

30  14 

ao  35 

30  39 

30  38 

30  30 


Authority  and  remarks. 


Greenwich  mean  time. 


The  observations  of  second  contact  are  so  scanty  and  uneven  as  to  require  some 
care  in  treatment.  Knorre's  observation  is  indicated  as  very  uncertain,  which  might 
well  be,  as  the  sun  had  risen  only  23  minutes  before,  and  its  altitude  was  less  than 
4°.  Owing  to  this,  and  its  discordance,  the  observation  has  been  rejected.  Oude- 
MANNS  observed  on  a  screen,  and  lost  the  moment  of  actual  contact  by  a  cloud-  But 
he  was  able  to  obtain  what  he  deemed  a  satisfactory  result  by  subtracting  13^.8  from 
the  time  when  he  concluded  the  thickness  of  the  thread  of  light  to  be  i".  The 
best  combination  appears  to  be  to  assign  weights  as  follows:  Scott  i.  Abbot  J,  Todd 
2,  OuDEMANNS  I.     The  mean  result  will  then  be  17^  20™  16*. 

Among  the  third  contacts  the  Edge  Hill  observation  is  cleji^ly  too  late,  while  it 
may  be  assumed  that  the  observation  of  Lassei.l  is  affected  by  an  error  of  one  minute. 
We  might  suspect  the  same  error  in  Werdmuller  were  it  not  that  his  observation  of 
external  contact  cannot  be  thus  reconciled  with  the  others.  Correcting  Lassell,  and 
rejecting  Jee  and  Werdmuller,  the  agreement  is  excellent  and  the  general  mean 
result  is  21**  18""  2o^ 

The  concluded  results  now  become — 


Contact    IT,  Nov. 

Ill, 

IV, 


h. 


m. 


8. 


II,  17  20  16 
21  18  20 
21     20    27 
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TRANSIT  OF  NOVEMBER  4,   1868. 

In  this  transit  the  attention  of  observers  was  attracted  to  the  optical  phenomena 
of  contact  more  fully  than  in  any  preceding  one.  Although  it  had  been  long  wel 
understood  that  the  outlines  of  Venus  and  the  sun  did  not  always  preserve  their 
geometric  form  at  the  time  of  contact,  few  observers  were  conscious  of  the  necessity 
of  noting  and  describing  any  distortion  that  might  be  perceived,  and  of  stating  the 
exact  appearance  of  the  planet  at  the  moment  cited  as  the  time  of  internal  contact. 
In  a  paper  pubHshed  in  the  American  Journal  of  Science  and  Arts  for  July,  1870,* 
I  have  given  a  collection  of  the  principal  observations  of  egress  made  at  this  transit, 
arranging  them  in  the  order  of  reduced  geocentric  time.  A  similar  but  more  complete 
table  is  also  given  by  Andre  in  his  paper  on  the  observation  of  contacts  in  transits  of 
Venus  and  Mercury,  f 

For  our  present  pm-pose,  the  best  course  seems  to  be,  so  far  as  egress  is  concerned, 
to  follow  the  same  plan,  tabulating  the  observations  in  the  order  of  reduced  geocentric 
time,  and  indicating  the  observer's  description  of  the  phenomena  in  each  case.  In 
general,  no  distortion  was  observed  at  stations  where  the  altitude  of  the  sun  was 
considerable  and  the  atmosphere  steady.  In  such  cases  there  would  be  no  especial 
phenomena  for  the  observer  to  describe,  and  the  time  noted  would  naturally  be  that 
of  true  contact. 


*  American  Journal  of  Scieuce  and  Art«,  second  series,  vol.  1,  page  80. 
t  Aunales  de  I'Observatoire  de  Paris,  vol.  x,  p.  B.  2. 


1868,  NOVEMBEB  4.8. 


Place. 


Adelaide. 

Cape 

Pekin... 


GottiDgen  . . 

Holsingfors. 

I 

i  Bonn 


Observer. 


Contact  aud  deflcription. 


S 


s 


h.  m.  ». 

Todd II.  Good a  41  30 

Mann...^ Do 18  41  35 

Lepisaier II I    i  14  31: 


Koldewey Ill  21 

Fabritius No  description J  22 

Oppenbeim 21 


Vienna Oppolzer    Thread  of  ligbt  broke 22 


Paris 

Marseilles  . 
Dunkerqne 
Leiden 


Greenwich  — 
San  Fernando 


I 


Rayet Regular  contact 21 

Le  Vorrier Sudden  black  drop 21 

Terciuem ai 

P.  J.  Kaiser No  description ai 

i 

Lj-nn First  contact  of  filament  21 

La  Flor '20 

Lopez 20 

Ruiz 20 

Garrido ;  20 


39  31-  o 

39  26.5 

28  16. 5 

5  M-5 

9  »9-4 

2»  35-7 

9  28.5 

^7  55 


35  3»-3 

35  31-8 

35  34- 3 

35  33-8 


•« 

& 


0.7      - 


1-4 
■22.0 


fl  S  c^ 

C,  CJ.- 

o 


Authority  and  remarks. 


- 

- 



«. 

h. 

m.  t. 

-16 

17 

26  S3 

-34 

«7 

27  06 

+46 

17 

29  36: 

20 

59  49 

+  17.2 

54 

+2.X 

55 

-f6.o 

56 

—2.0 

-0.4  I 

+1.6  i 


—  32.0 


21 


57 
58 
58< 
58 

59 

59 

59 

z 
z 


M.  N.,  R.  A.  S..  xxix,  89. 

M.  N.,  R.  A.  S.,  xxix,  Z97. 

C.  R.    Image  undulating  ex- 
cessively. 

A.  N.,  vol.  Ixxiii,  95. 

A.  N.,  vol.  Ixxiii.  Z9Z. 

A.  N.,  lxxii,355. 

Images  very  bad.    A.  N.,  vol. 
Ixxii,  347. 

C  R.,  vol.  Ixvii,  p.  948. 

Ibid,  p.  922. 


Images  very  bad.    A.  N.,  vol. 
Ixflii,  214. 


Le  Verrier,  Annales  x,  p.  B  ». 
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Place. 


ChrUtUmia  . 
Goiiingen  . . 
Kdnigsberg. 
Pnlkowa  — 
Greenwich. . 

Pari* 

AtaUua  .  . . . 


Bonn  — 
Rome.  .. 
Polkowa. 


Observer. 


Get'lmnyden 
Copeland  . . . 
Tischler  — 

Roeen 

Stone   

Andr^    

Llais    


Wolff  .. 
Laift  — 
Kortozsi 


Contact  and  desoripiioD. 


B 

a 

S 


9  9 

la 
30. 


Rej^ular  contact 

Vcr3'  fine  dark  filament 

Regular  contact 

Limbs  i>erfectlj  in  contact;    no 
distortion. 

No  description 

Thread  broke .• 


Wagner  . 
Nyr6n  . . 
Fnss  ..   . 


Regular  contact 

Do 

Do 

Do 


Greenwich.. 
Konigsberg 

Paris 

Altona 

Edinburgh.. 
Christiania 
Uelsingfors . 
Hamburg . . . 
Pulkowa    . . 


Dunkin 

Lorek 

Villarcean 

C.F.  W.Peters 
Sravth 


Planet  suddenly  pear-8hapc<l 


A. 

31 
21 
23 

23 
21 

21 

18 

31 
31 


23 

I 

23 

I 

23 

I 

23 

I 

Molir 


Rome 

Bonn 

ChHstiania 

Gdttingen  . 
Greenwich. 
Pulkowa... 
Greenwich. 

Paris 

Vienna 

Leiden 


Kriiger 

Kampf 

Lebedeff 

Dollen 

Miroschnit — 

Schenko.. 
Leskineu 

Mancini 

Argelander 

Feamley 

Throndsen 

Pihl 

Borgen 

H.  J.  Carpenter 

Kasarinoff 

Crinwick    


No  descriplioii 

Very  bad  definition 


Thread  broke.. 
No  description. 


Wolf 


Oppolzer 
F.  Kaiser 


Rome 

Dnrham  . . . 
Marseilles 
Greenwich . 

Altona 

Vienna  — 
Polkowa  . 


Light  ceased  between  limbs 


Sudden  rupturu  of  ring 


Discs  tangent 

Cont.  of  elongated  image  in  double 
image  micrometer. 

Thread  broke  


31 
32 
31 
31 
2t 
21 
22 
3X 

23 
23 

23 
23 

21 

31 

31 
31 
21 

3t 

21 

23 
21 
31 
22 
21 


m.  t. 

42  44-  » 

39  44.4 
2t  48.6 

I   2 

o  55 
9  27.3 

8  46 

28  26 

49  59 

4 
4 
4 
4 

O    6.  2 
2t   51  9 

9  28.9 

39  47-  3 

0  7 
42  50. 8 

39  40-7 
39  57 

X   8 

1  8 


m 


Authority  and  remarks. 


k. 


-\-  9.8  :  21 


4-12.4 
4-19.9 

-1-4 

—  3.0 

-^4-3  ; 

i 

I 
I 

+  2.3 
4-  o-  3 

+«9-9 

4-19-9 
-fi9.9 

4-19-9 

—  '-4 
4-12.4 

—  3.0 
-f  6.0 

4  0.4 


fii. 

o 


8 
8 


50      3-9 
28     30 


+  5-6 

-f»9-9 
-f»9-9 

4->9-9 
4-19.9 

+  0-3  I 
-f  2.  3  . 


42     52. 8      4-9-8 
42     54. 8 
42     56 


Secchi    

Plunimor 

Stephnn 

J.  Carpenter   . 
C.  A.  F.  Peters 

Weiss '  No  particular  phenomenon 

Struve 


Thread  broke  suddenly. 


39  52.9  ' .... 

0  II.X   I    —    1. 4 

1  10         4'*9'9 
o  12.8      —1-4 

9  33.8—2.0 

I 

5  3»-5      +6 

18  6.8      4-2.0 


4-0.3 
-f-  o.  2 

-4-3 
-  >-4 
+  6.0 

4-6.5 
+19.9 


21 

50 

5-9 

21 

0 

12.0 

21 

2t 

51.3 

21 

0 

14.  X 

21 

39 

53 

23 

5 

38.5 

23 

X 

»3 

o  A.  N.,  Ixxii,  345. 

2  A.  N.,  Ixxiii,  9s. 

2  A.  N.,  Ixxiv,  104. 

3  ComptesRendus,i868,ii.  p.1384 
4 

4 

4  A.  N.,  Ixxiii,  309. 


A.  N.,  Ixxii,  355. 
A.  N..  1x11,367. 
ComptesRendns,i868,ii  p  1284. 


5 
5 

5 

5  I 

5 

s 

5 

5  :  A.  N.,  Ixxiv,  104 

6 

7 
7 
7 
8 


Bad  images. 


A.  N.,lxii,  345. 
A.  X.,  Ixxiii,  191. 
A.  N..  Ixxiv,  43. 


9 
9 

9 
9 
g     A.  N.,lxii,  367. 

g  I  A.  N.,  Ixxii,  355. 

g     A.  N.',  Ixxii,  345. 
Do. 


1 1 

12 
I  I 
10 
I  I 
II 
I  I 


Do. 
A.  N.,  Ixxiii,  95. 


•  2     A.  N.,  Ixxii,  347. 
13     A.  N.,  Ixxiii,  213. 


12 

A.  N.,  Ixxii,  367. 

12 

(Jreenwich  mean  time 

12 

'3 

13 

A.  N.,  Ixli,  337. 

«3 

A.  N.,  Ixxiii,  173. 

M 

TRANSITS  OF  MERCURY.  1677^1881. 

1868,  HOV£MB£R— Continaed. 


M«!ri,l    

.-'  Mt-riiiu    

1 

..    BiKkingham... 

Pulkow. 

Krtlonberg.... 

<rieDn>.) 

! 

■•j'"'" 

.  :  Kam 

.     Kliukcrfnrs... 

Madrid 

GBtllDsrn.   . 

Cuckfldd 

Lfldcn 

Pultnwa 

Bolosn. 

GrFi>ii<cicli.... 

UaldFniH'a.l .. 

-i  Kaiwr 

■,^"- 

.-.    Lynn 

CatltartofllinbleabibliiibFd.  T«ry 
doubtful. 

..'  IVtiroM 

Tbmdof  1ii:lit  iutemtpleil 

J*s 

Ml 

1 

1-        -           -           - 

m.     . 

;      A.N.,l..il.356. 

,, 

curj'  had  nut  nurhnl  lh« 

*UD'>llmb. 

17 

:  A.K..Iiii.3J7. 

ObMTTatkiDS  I 
j     N,l.»li.js« 

A.N..Illiil,g! 


Tlie  Peking  observation  is  given  in  so  confused  a  manner  that  no  use  has  been 
made  of  it.  The  remaining  two  observations  of  contact  II  seem  entitled  to  equal 
weight. 

For  contact  III  there  are  sevei'al  sources  of  doubt  connected  with  the  San  Fer- 
nando observations  ;  they  are,  therefore,  regarded  as  forming  but  a  single  obser^-ation. 
The  Wimbledon  observation  may  be  rejected  as  certainly  affected  with  some  abnormal 
error.  The  mean  of  the  remaining  results  is  taken  without  discrimination,  since  no 
discussion  would  materially  affect  the  general  result  to  be  derived  from  the  whole. 

No  separate  reduction  of  fourth  contacts  has  been  attempted,  but  the  mean  result 
has  been  taken  from  the  paper  by  Wolf  and  Andr^  already  cited.  The  concluded 
results  are: 


Contact  II, 
III, 
IV, 


I     9.8 
33- 
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TRANSIT  OF  1878,  MAY  6. 

EVItOPEAN  OBSERrATlOSS  OF  INGBESS. 


I  J.Lamp 

GCttlDfirD KlinkFrTnFB 


[  Vin  Litboni 
I  (>ppo1ttr.... 


I  S*yil1er.... 

Knksu !  K«rUnglii.. 

KDnlgilwTK... 


.    Apinrpntn 
.' do.... 

.,  A  I'll  KM)  ml  r. 


Snom 

Opp*.h.,„ 

Bol^tKbek.. 

I  LiKUDcnt  fonoK 
\  Unamenl  brake 
..'  Dnnkslenuea  E 


n .. 


A.K„«il,« 
*.  v.,  xcU.  » 


4.N-.ldl.a^ 

A.  ir.,icii.joi. 
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PlAce. 


Observer. 


Contact  and  description. 


Strasabun;.. 

"Wimbledon . 

Orwell  Park 
Dnnecht  — 

O-Gyalla.... 

GlasKow 

Toulouse  . . . 

Palermo 

Pulkowa 


"Wiunecko 1 

Kiistner   j 

Hartwig   ^ 

Elkin 


I 


Innere    (geometrische)   Bertih- 
run^ ;  keiner  der  Beobacbter 
hat  jedoch  irgend  welche  auf-  < 
fallende    Erscheinungen    no 
tirt. 


Penrose. 


Pluromer 


Rauyard 

H.  J.  Carpenter . 
Lohse 


Copeliuid 


Uorvjlth . 

Cvet 

Kaiser . . . 
Scbrader 
Konkoly . 

Bowden  . 

Perrotin  . 

Tacchini. 


O.  Striive  . . 
Dubjago . . . 
Lewitski  .. 
Lindemann 

Nyr6n 

H.  Struve . . 

DfiUen 

Gladyschew 

Zinger 

Romheny . . 

"Wagner 

Hecbct 

Naraview.. 
Baranow... 


Planet  apparently   circnlar  but 

clinging  to  limb. 
Two  thin  thrnids  of  light 

Light  permanently  established  in 
rear  of  planet. 

The  disks  in  geometrical  contact  . 
Mercury  fully  on.  Thread  of  light 
Contact  certainly  past ;  probably 
late  by  is*  to  2o». 

Apparent  geometric  contact 

Distant  rupture  of  ligament 


Tropfenphfinomen 
do 


« 

a 

a 

s 

1 

2 

h.  tn. 

3  45 
45 
45 
45 

3     M 

14 
3     »4 


3 
3 

3 

3 
3 

14 

"3 
13 
13 
»3 


1 

a 

h 


IS      +  93 

17  

17  

33  

32  !  +  88 


36 


3o     +  88 


16  ; 
>4  I 
«7  ■ 


+  86 


^ 

"9  : 

I 

3«''  +99 
58» 


3 
3 

4 
5 


»4 

19 

7 

«5 
15 

15 
«5 
15 
»S 
X5 
X5 
15 
15 
X5 
IS 
15 
»5 


44 
45 
45 

16 

5a 
47 

3a 

32 
35 
3« 
35 
30 
33 
24 
33 
35 

31 

35 

33 
18 


+  85 
+  80: 
+  86: 
+  103 


Authority  and  remarka. 


h.  m,    i. 
3    15    44     A.N.,xcii,337. 

46 

46 

63 

I 

60     M.  N.,  xxxviii,  404. 

64  ,  Greenwich  mean  time. 
48  '  M.  N.,  xxxviii,  413. 

60  M.  N.,  xxxviii,  414. 
58     Sidereal  time. 

61  ' 

5» 

63  ■ 

70 :   M.  N.,  xxxyiii,  437. 

37:.  Greenwich  mean  time. 

23 

24 

24 

41  !  M.  N.,  xxxlx,  167. 

i 

31 


47 

55 
55 
58 
54 
58 
53 
56 
47 
56 
58 
44 
58 
56 
41 


St  P.  Melanges,  t,  551. 


Among  tliese  observations,  the  following  may  be  set  down  as  too  late  to  corre- 
spond to  any  observation  of  contact  as  usually  made,  namely:  Mohn,  ^'  Sichere  Tren- 
nung";  Galle  and  Neugebauer,  ^^Vollige  Trennung";  Forster,  "Breiter  Licht- 
faden'';  Becker,  Lohse,  **  contact  certainly  past." 

Nearly  the  same  thing  may  be  said  of  the  "  Deutlicher  Lichtstreifen"  of  Becker 
and  Peters,  but  as  we  have  been  under  the  necessity,  in  other  transits,  of  retaining 
observations  of  the  threads  of  light,  we  may  include  these  in  the  same  class,  and  in 
each  case,  take  the  mean  of  the  two  times  given. 

In  all  the  remaining  cases  we  may  take  the  indiscriminate  mean  of  all  the  sepa- 
rate times  noted,  with  the  following  exceptions. 

The  observation  of  Lukas,  at  Vienna,  is  rejected,  owing  to  the  totally  insufficieitt 
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optical  power  employed.  The  mean  of  Weiss's  three  times  is  taken  as  a  single 
observation.  Half  weight  is  assigned  to  the  doubtful  0-Gyalla  observations  of  Hor- 
VATH  and  CvET.     We  thus  find : 

Mean  result  of  y^  European  observations,  3^  15"*  47'*.3,  G.  M.  T. 

Let  us  now  compare  this  result  with  that  of  the  American  observations.  In 
Appendix  II  to  the  Washington  Observations  for  1876  is  an  exhaustive  discussion  by 
Professor  Eastman  and  Mr.  H.  M.  Paul  of  109  observations  of  this  transit  made  in  the 
United  States.  The  classification  of  the  times  of  the  different  phenomena,  as  described 
by  the  observers,  is  especially  complete  and  instructive.  I  therefore  transcribe  the 
mean  results,  reduced  to  Greenwich  time. 

Contact  II. 

Tl  11168.  Nil.  of  ol>.s. 

h.    m.        8. 

1.  Geometric  contact  with  black  drop    -     -     -     -     -     3152  6. 7  4 

2.  Phase  I -_----  31.7  8 

3.  Geometric  contact  without  black  drop    -     -     -     -  42.6  3 

4.  Geometric  contact  with  no  statement  of  black  drop  42.9  9 

5.  First  glimmer  of  light  behind  planet       -     .     -     -  /49.4  1 2 

6.  Phase  II --------  50.2  16 

7.  No  dopcription  of  phase       --------  51.8  27 

8.  Breaking  of  ligament  or  black  drop  -----  52.8  7 

9.  Closing  of  line  of  light  -     --------  570  11 

10.  Phase  III 61.2  14 

In  this  table  phases  I,  II,  and  III  refer  to  the  appearance  of  the  planet  at  three 
difterent  times,  as  shown  on  a  large  diagi'am  which  had  been  circulated  among  the 
observers. 

Phase  I,  in  this  diagram,  represented  the  planet  as  it  would  appear  1 2*  before  first  in- 
terior contact,  the  cusps  being  separated  by  nearly  one-half  the  diameter  of  the  planet. 

Phase  II  represented  the  appearance  of  the  planet  at  the  exact  moment  of  true 
interior  contact. 

Phase  III  represented  the  appearance  12*  after  contact,  a  broad  line  of  light  being 
foi-med  between  the  planet  and  the  limb  of  the  sun. 

The  size  of  the  diagram  was  such  that  when  placed  at  the  distance  of  half  a  mile, 
the  angular  magnitude  of  the  planet  on  the  diagram  would  be  the  same  as  that  of  the 
real  pljinet  in  the  heavens. 

Mr.  Paul's  discussion,  however,  showed  that  the  observations  of  these  outside 
phases,  I  and  III,  were  much  less  accurate  than  in  the  case  of  ordinary  contacts,  so 
that  they  had  to  be  rejected  entirely.  But  he  also  rejects  phase  II,  which  is  that  of  true 
internal  contact,  for  reasons  which  he  does  not  fully  state.  The  only  phases  which  he 
retains  in  his  discussion  are  those  of  ^  (5  -f  9),  8  and  7.     From  these  he  deduces 

Contact  III,    3^   15"  52^.7  =F  0^.46. 

Whatever  we  may  say  of  the  correspondence  of  this  result  with  the  time  of  true  con- 
tact, it  is  cannot  be  considered  as  the  time  to  be  compared  with  observations  of  previous 
tiansits  by  other  observers.     Since  we  have  been  obliged  to  include  all  observations, 
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those  in  which  phases  were  not  described  as  well  as  those  in  which  phases  were 
described,  our  proper  course  is  to  take  the  same  sort  of  a  mean  which  would  have 
been  taken  had  the  observations  been  treated  in  the  same  manner  and  not  classified 
as  they  are.     Let  us  take  up  the  phases  in  order. 

The  four  observations  of  geometric  contact  with  black  drop,  occurring  as  they  did 
5"  before  phase  I,  when  the  cusps  were  separated  by  more  than  the  radius  of  the 
planet,  should  be  rejected  entirely  if  anything  like  true  contact  is  sought  for.  But  it 
may  be  that  they  correspond  to  observations  in  other  transits,  and  therefore  should  be 
retained. 

Phase  I  and  III,  for  reasons  already  given,  may  be  thrown  aside,  although  their 
mean  corresponds  closely  to  the  general  mean  of  the  observations.  All  the  otlier 
observations  seem  to  correspond  closely  to  the  usual  observed  phases  of  contacts:  the 
general  mean  may,  therefore,  be  taken. 

It  is,  however,  to  be  remarked  that  Mr.  Paul's  means,  as  given  above,  are  taken 
by  weighting  the  observations  according  to  atmospheric  and  otlier  conditions.  Although 
this  process  has  not  been  employed  to  any  considerable  extent  in  the  discussion  of  the 
preceding  transits,  we  may  adopt  Mr.  Paul's  weighted  results  as  being  better,  or  at 
least,  no  worse  than  indiscriminate  means,  even  for  purposes  of  comparison.  We 
therefore  first  give  to  each  of  the  results,  from  3  to  9,  inclusive,  a  weight  proportional 
to  the  number  of  observations  on  which  it  depends,  and  thus  obtain  the  first  result 
which  follows.  Next,  we  show  the  result  when  the  four  observations  of  geometric 
contact  with  black  drop : 

Contact  II,  3   15  50.7,  85  obs.  (rejecting  class  i) 

15  49.6,  89  obs.  (retaining  class  i) 
15  47  3>  73  obs.  (European) 
What  mean  between  these  results  we  should  choose  is  largely  a  matter  of  judg- 
ment. That  the  means  of  two  so  large  bodies  of  observers  should  differ  by  3  seconds 
shows  it  hopeless  to  expect  a  probable  error  of  less  than  2  seconds  in  the  best  possible 
results  from  observation.  In  view  of  the  fact  that  the  American  observations  were 
generally  made  with  the  sun  at  a  higher  altitude  than  in  Europe,  I  have  taken  3^'  15*" 
49*.  2  as  the  most  probable  mean. 

Contact  III. 

For  egress  we  have  the  following  results  from  Mr.  Paul's  tabular  summary: 

Times.  No.  of  obs. 

•  h.      m,  8.  • 

1.  Phase  III  -     ------------     10  43   15.7  5 

2.  Phase  II--- -----  36.4  5 

3.  Geometric  contact  with  nothing  about  black  drop  36.6  8 

4.  Formation  of  ligament  or  drop   ------  39.2  10 

5.  Breaking  of  line  of  light  -     -     - 39.6  7 

6.  Geometric  contact  without  black  drop  -     -     -     -  39.8  2 

7.  No  description  of  phase     -- 42.2  27 

8.  Last  glimmer  of  light  - --  42.8  8 

9.  Phase  I      ----.-.--.---  52.3  5 
10.  Geometric  contact  with  black  drop -5  7- 7  7 


TRANSITS  OF  MERCURY.   1677-18H1. 


419 


Tlie  curious  reversal  of  the  supiwsed  normal  order  of  phases,  geometric  contacts 
being  noted  earlier  than  last  glimmer  of  liglit,  is  noteworthy.  The  early  occurrence 
of  "phase  II"  (ti-ue  contiict)  ia  also  remarkable.  Whatever  conclusions  we  may 
draw  from  these  anomalies,  the  only  course  open  to  us  is  to  take  a  mean  of  those 
phases  which  we  may  suppose  to  correspond  to  phases  observed  in  preceding  transits. 
We  therefore  reject  phases  I  and  III.  It  is  doubtful  whether  geometric  contact  with 
black  drop  should  be  retained  or  rejected. 

*.      w.         «.  OLw. 

Retaining  (10)  we  have      -     -     -     -      lo  43  42.0         74 
Rejecting  (10)  we  Iiave     -     -     -     .  43  40.4         67 

We  way  accept  the  mean  of  the  two  sis  tlie  result  to  be  accepted. 
For  external  contact  an  indiscriminate  mean  is  taken  in  the  usual  way,  rejecting 
a  few  observations  with  very  insntficient  optical  power.     The  results  then  are : 

Contact    II,  187S,  May  6,     5    15  49.2 

III,  10  43  41.2 

IV,  10  46  23 
TR&HdIT  OF  1891,  NOVfllBER  7.6. 
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Hworn 

barity  nod  nnuki. 


Vvaan.  bj  Mr.  BOCKWSU. 


Guided  by  tlie  light  tlirowii  on  tlie  c:uiO  by  previous  observations,  we  shall 
endeavor  to  deduce  a  time  of  contact  from  the  atatem  j;iti  of  e.ich  observer,  and  awign 
weights  according  to  ttie  apparent  certainty  of  the  results. 

Whether  Mr.  Ellkey's  "good"  internal  contact  is  to  be  regarded  as  a  true  nieiui 
contact  it  is  difficult  to  say:  The  breaking  of  the  black  drop  may  be  regai*ded  as  cer- 
tainly later  than  mean  contjict.  On  the  whole,  the  Diost  probable  result  seeois  to 
be  that  obtained  by  adding  to  the  time  of  the  first  observation  one-third  of  the  interviil 
between  it  and  the  second.     This  will  give  lo''  18"'  47",  Greenwich  time. 

From  Mr.  White's  observation  we  may  subtract  5',  giving  37*. 

Moerlim's  "complete  separation"  is  clearly  too  late. 

TiiBBrTT'a  description  is  excellent;  his  mean  time  is  40'. 

During  the  10',  from  24'  to  34",  Russell  saw  the  thread  of  light  formed  and 
broken  several  times.  This  is  what  should  take  place  in  the  situation  corresponding 
to  true  contact.     We  may,  therefore,  take  29'  as  his  result  instead  of  34'. 

The  four  observers  following  Ritsski-l  give  no  indications  for  judging  their  results. 
Wkight  is  so  obviously  t€»o  early  that  it  is  doubtful  whether  his  result  should  not  be 
rejected.  A  mean  courae  will  be  to  assign  him  half  weight  The  mean  result  of  the 
four  will  then  be  37'. 

Bladkn's  two  descriptions  clearly  bound  the  possible  times  of  contact.  The  mean 
32"  seems  good.    The  next  two  results  may  also  be  accepted  unchanged. 

With  Rockwkxl'm  Honolulu  observation  we  have  the  same  trouble  as  with  Wright's 
at  Sydney.     In  doubt  whether  to  reject  it,  we  can  assign  it  only  small  weight 

We  now  have  the  following  single  or  combined  results  for  probable  mean  con- 
tact II:  • 
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h,    m.      8,  Wt. 

Ellery  101847  2 

White 37  2 

Tebbutt 40  3 

Russell 29  i 

Four  other  observers       -  37  3 

CouDER 34  2 

Brooks 34  2 

Rockwell 10  yi 

HoLDEN 53  2 

BURNHAM       -----  33  2 

Mean 10  18  38 

Of  the  third  contacts,  only  the  following  call  for  special  remark. 

Mr.  Ellery's  "thin  flickering  line"  was  probably  the  result  of  atmospheric  soft- 
ening of  the  thin  line  of  light  just  before  contact,  and  so  not  to  be  regarded  as  a  true 
contact  of  any  kind. 

Turner's  description  corresponds  accurately  to  a  true  contact. 

Tebbutt's  description  close  limits  the  time  of  contact 

Bladen's  result  seems  valueless.     The  images  were  too  bad  to  })ermit  of  an  obser 
vation  of  contact.  , 

With  Rockwell's  we  have  the  same  trouble  as  at  ingress,  only  he  is  now  late. 
We  should,  perlmps,  treat  his  observation  in  the  same  way  as  at  ingress. 

In  the  combination  we  give  double  weight  to  Tebbuit  and  Russell.  The  mean 
result  is  then  15^'  35'"  54^ 

The  results  for  geocentric  contact  then  are — 

h,     tn,     8, 

Contact    II,  1 88 1,  Nov.  7,     10  18  38 

III,  15  35  54 

IV,  15  37  33 


PART    II. 

COMPUTATION  OF  TABULAR  HLEMENTS. 


Leverrier's  tables  of  Mercury  and  tlie  sun  have  been  adopted  as  the  medium 
for  obtaining  tlie  results  of  the  preceding  observations,  in  so  far  as  the  elements  to 
be  corrected  depend  upon  the  relative  heliocentric  positions  of  Mercury  and  the 

earth.  The  method  of  deriving  the  times  of  contact  and  other  results  from  the  tabular 
positions  is  not  the  usual  one,  since  the  computation  of  the  geocentric  place  of  the 
planet  is  entirely  dispensed  with.  Not  only  would  the  computation  of  this  place 
involve  considerable  additional  labor  with  great  liability  to  errors,  but  the  symbolic 
expressions  of  the  corrections  to  the  theory  would  also  have  been  more  troublesome 
in  computation.  A  method  has,  therefore,  been  adopted  which  is  founded  on  Bessel's 
theory  of  eclipses.  By  this  method  the  time  of  contact  is  defined  as  that  when  the 
observer  is  on  the  conical  surface  touching  the  planet  and  the  sun.  Of  the  two  cir- 
cumscribing cones,  that  whose  vertex  is  between  the  interior  planet  and  the  earth  will 
correspond  to  internal  contact,  and  that  whose  vertex  is  between  the  planet  and  the 
sun  to  external  contact. 

Determination  of  times  of  contaet  durimj  transits  of  an  inferior  planet  hy  the  helioeentric 

melhodj  using  the  eoneeptions  of  I^essel's  method  of  eelipses. 

By  this  method  the  time  of  contact  is  fixed  as  that  when  the  observer  is  upon  the 
surface  of  one  of  the  two  shadow  cones  touching  the  sun  and  the  planet.  The  axis 
of  the  cone  is  the  line  joining  the  centei's  of  the  sun  and  planet.  The  fundamental 
plane  of  reference,  or  the  plane  of  XY,  passes  through  the  center  of  the  earth  perpen- 
dicular to  the  axis  of  the  cone. 

The  axis  of  X  in  the  present  case  is  formed  by  the  intersection  of  the  ecliptic  with 
the  fundamental  plane,  its  positive  direction  being  toward  the  west  or  the  opposite  of 
that  in  which  planets  are  moving.     The  axis  of  Y  is,  as  usual,  toward  the  north. 

Let  us  put : 

r,  6,  Z,  the  heliocentric  radius  vector,  latitude,  and  longitude  of  the  planet  Mercury 
or  Venus. 

r',  Vy  r,  the  same  quantities  for  the  earth. 

Cj  the  angular  distance  of  the  planet  and  earth  as  seen  from  the  center  of  the  sun. 

cOy  the  position  angle  of  the  point  in  which  the  shadow-axis  intersects  the  plane 

of  XY,  counted  from  the  axis  of  X  towards  that  of  Y. 
422 
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R\  the  linear  radius  of  the  sun. 

R,  the  linear  radius  of  the  planet. 

/  the  semi-angle  of  the  shadow  cone. 

po,  the  radius  of  the  cone  on  tlie  plane  of  reference. 

EFFECT  OF  ABERRATION. 

The  preceding  quantities  require  some  modification  in  their  employment  owing 
to  the  motion  of  the  planets  during  tlie  interval  required  by  light  to  reach  them  from 
the  sun.  When  we  compute  the  place  of  the  siin  from  the  tables  for  a  time  T,  the 
tables  are  so  constructed  as  to  give  its  apparent  direction  at  this  moment.  If  r^  be  the 
time  required  for  light  to  reach  the  earth  from  the  sun,  the  position  we  shall  get  from 
the  tables  for  the  time  T  will  be  the  true  one  at  the  time  T — rg.  By  subtracting 
1 80°  from  the  longitude  and  changing  the  algebraic  sign  of  the  latitude  we  shall  have 
the  true  direction  of  the  earth  from  the  sun  at  the  moment  T  —  rg. 

The  condition  that  the  planet,  as  seen  from  the  earth,  shall  appear  projected  upon 
a  given  point  of  the  sun's  disk  at  a  moment  T',  is  that  a  ray  of  light,  emanating  from 
the  given  point  at  a  certain  moment,  shall  pass  through  the  planet  and  through  the 
earth,  reaching  the  latter  at  the  moment  T\  So,  putting  Tj  for  the  time  required  for 
the  ray  to  reach  the  planet,  and  referring  positions  to  the  sun,  the  true  heliocentric 
position  of  the  planet  at  the  moment  T'  —  ^2  +  ^1  ^^d  that  of  the  earth  at  the  moment 
T',  must  be  in  the  same  straight  line  from  the  given  point  on  the  sun's  disk. 

Therefore,  in  order  that  the  positions  of  the  earth  and  planet  may  be  comparable 
for  a  moment  T',  we  must  use  the  true  heliocentric  position  of  the  earth  at  this  mo- 
ment. This  is  obtained  either  by  computing  the  apparent  position  from  the  tiibles  for 
the  moment  T'  +  To,  or  taking  the  apparent  position  as  computed  for  the  time  T',  and 
increasing  the  longitude  by  the  aberration  in  longitude. 

The  corresponding  position  of  the  planet  must  be  the  true  one  for  the  moment 
T'  —  ^2  +  ^1-  If>  therefore,  it  is  computed  from  the  tables  for  the  moment  T'  the  co- 
ordinates must  be  corrected  by  subtracting  the  motion  during  the  interval  r^  —  r,, 
which  we  may  take  as  the  interval  required  for  the  light  to  pass  from  the  planet  to  the 
earth. 

Value  of  T2  —  Tj.     If  we  put 

T=T,-r,=  ^^J^    (r.-r) 

which  may  be  considered  as  the  time  required  for  light  to  pass  from  the  planet  to 
the  earth  expressed  in  hours,  the  required  coirections  to  the  place  of  the  planet  will  be 

'^  =  -' di 

J.J  db 

or  -=  —  T 


dt 
the  differentials  being  the  hourly  motions  of  the  several  co-ordinates  of  Mercury. 
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In  what'  follows  these  corrections  will  be  supposed  to  be  applied  to  the  oo-ordi- 
nates  of  the  planet,  and  the  coiTesponding  ones  to  the  positions  of  the  earth  as  derived 
from  the  solar  tables.  That  is,  if  we  compute  the  tabular  places  of  both  the  planet 
and  earth  for  a  moment  T  of  absolute  time,  we  must  apply  the  preceding  connections 
to  the  heliocentric  place  of  tlie  planet,  and  add  the  aberration  to  the  longitude  of  the 
earth  in  order  that  the  quantities  may  be  comparable  for  the  moment  T. 

Tlie  co-ordinates  .r,  y,  and  z  of  the  center  of  tlie  earth  are  given  by  the  fonnulae 

X  =.  /  sin  c  cos  CO 
y  zz  r'  sin  c  sin  od 
z  •=:  0 

The  angles  c  and  go  are  given  by  tlie  equations 

sin  c  cos  CO  zz  cos  //  sin  {I  —  /')  (1) 

sin  c  9\n  CO  zz.  cos  h  sin  //  —  sin  h  cos  V  cos  {I  —>  I') 

For  these  equations  we  may  put,  owing  to  the  minuteness  of  V,  h,  and  (/  —  /') 

sin  r^  sin  G?  zz  sin  (//  —  h) 

sin  c  cos  CO  •=,  sin  (/  —  /')  (i)' 

without  an  error  exceeding  o".oi  in  a  transit.     Or,  yet  more  simply,  we  may  suppose 

c  sin  coin  1/  —  h 

c  cos  co  =  l-r  (ly 

without  introducing  an  error  of  which  the  average  value  will  exceed  o",oi. 

By  these  formula^  the  values  of  x  and  y,  for  the  earth's  center,  may  be  computed 
for  any  required  moment.  Their  derivatives  with  respect  to  the  time  will  be  given 
with  sufficient  approximation  by  the  formuhc 


dx 
dt 


-  ^  \dt       dt  ) 

,fdh^_dh\ 
\dt        dt  J 


dt      \ 

the  effect  of  the  change  of  r'  being  unimportant.      But  the  quantity  ^7-  may  always 

be  regarded  as  insensible. 

For  the  radius  of  the  shadow  cone  on  the  fundamental  plane  we  have,  by  the 
theory  of  eclipses, 

Po  =  ^'  cos  c  tan  /  R'  —  sec  / 

The  value  of  /  may  be  obtained  fey  the  consideration  that  the  radius  of  the  cone 
on  a  plane  passing  through  the  center  of  the  sun  is  —  R'  sec/  while,  on  a  plane 
passing  through  the  center  of  the  planet,  it  is  ±  R  sec  f,  the  positive  sign  holding  for 
the  cone  whose  vertex  is  between  the  sun  and  planet,  and  the  negative  sign  for  that 
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whose  vertex  is  between  the  earth  and  planet     The  former  is  the  cone  of  external 
and  the  latter  that  of  internal  contact.     The  difference  of  these  radii  is  r  tan  /  that  i«, 

r  tan/zz  (R' zh  R)  sec/ 
or 

.     ^      R'  zh  R 

sin  /= ^ 

The  value  of  the  radius  Po  "^^y  ^ow  be  expressed  in  the  form 

Po  cos/=i  -  (R'  ±  R)  cos  c  —  R' 

At  the  earth's  center  the  condition  of  contact  of  the  limb  of  the  planet  with  that 
of  the  sun  is 

r'  sin  c  zz  Po 
or,  dividing  by  /  and  substituting  the  value  of  Po> 


Po        cose  /R    ,    R       R'  \ 

sm  c  =  ^J  zz  -f        ±      —     ,   sec  c  )  (2^ 

r         cosy  yrrr  J  ^  / 


The  quantities  c  and/  are  so  small,  and  vary  so  slightly  for  transits  of  the  same 
planet  at  the  same  node,  that  their  cosines  may,  in  this  formula,  be  supposed  to  have 
the  same  value  for  all  such  transits. 

The  moment  at  which  the  condition  of  geocentric  contact  is  fulfilled  may  be 
found  by  Bl!:^SKL's  method  of  eclipses.  We  select  a  moment  near  the  time  of  contact 
and  compute  the  values  of  c  and  00  for  this  moment  from  equations  (i).  Let  us  call 
To  the  moment  in  question,  and  Cq  and  co^  the  special  values  of  c  and  a>  thus  found. 
Let  us  also  compute  the  hourly  variations  of  c  cos  co  and  of  c  sin  g?,  which  we  call 
n  cos  co\  and  n  sin  co\  from  the  formuhe, 

.       ,  '    db'       db 
''''''''  =-dt-dt 

dl       dV 


nco,a>  =af^-^t 


Let  us  also  put 


and 


^       cose  /R'       R      R'  \  ,  , 

r  zz  -^      .  (  -  zh ,  sec  c  )  (3) 

cos/v^r         r       r  J  ^ 


theii 


,        Co  sin  (g/  —  ft>o) 

r 


(4) 


__#  __    Cq  cos  {go'  —  G?o)     ^  r  COS   if) 

"~  n 

Each  value  of  T^  +  r  will  then  be  a  time  of  true  geocentric  contact,  the   earlier 
being  first,  and  the  later  second  contact. 

By  using  the  two  values  of  r  we  shall  have  four  times  of  contact  in  all,  the  one 


426  TRANSITS  OF  MERCURY,  1677-1881. 

pair  corresponding  to  external  and  the  other  to  internal  contact  The  condition  to  be 
fulfilled  at  each  contact  will  be : 

^  =  r  (5) 

By  what  precedes  we  have  found  a  moment  T  +  r  at  which  this  condition  is 
fulfilled  at  the  center  of  the  earth.  In  the  case  of  an  actual  observation,  the  observer 
is  not  at  the  center  of  the  earth,  but  at  its  surface,  and  we  have  next  to  find  the  time 
at  which  he  is  on  the  surface  of  the  shadow  cone,  or  the  reduction  from  contact  at 
center  to  contact  at  his  station.  If,  now,  we  suppose  (\  to  represent  the  angular  dis- 
tance of  the  observer  from  the  planet  as  seen  from  the  sun's  center,  and  all  the  other 
quantities  which  refer  to  the  eartli's  center  to  refer  to  the  observer,  the  same  equations 
will  hold  true.  The  diff*erence  of  directions  between  the  station  and  the  earth's  center, 
as  seen  from  the  sun,  is  simply  the  sun  s  parallax  in  longitude  and  latitude.  If  we  put 
p,  /?,  A  the  observer's  distance  from  the  earth's  center,  in  units  of  the  equatorial  radius 
of  the  earth,  and  the  latitude  and  longitude  of  his  zenith ;  tt  the  sun's  equatorial  hori- 
zontal parallax  at  the  date ;  //,,  l\j  /*' i,  the  latitude,  longitude,  and  distance  of  the 
observer,  as  seen  from  the  sun,  we  shall  have  with  all  necessary  precision, 

l\  zz  r  -f  p  cos  /?  sin  TT  sin  (A  —  /') 

h\  =  1/  +  p  sin  /3  sin  tt  ^^) 

r\  zn  ■/  \i  +  P  ^os  /?  sin  tt  cos  (A  —  /')  \ 

or  /  — 1\  zz  I  —  I'  —  p  cos  /3  sin  tt  sin  (A  —  /') 

b'l  —    hzz  h'  —  '>  +  P  ^^hi  /?  sin  w 
f'l  —  /•'  zz  /•'  p  cos  /?  sin  TT  cos  (A  —  /') 

Substituting  these  values  in  (i)",  noting  that  tlie  parallax,  is  so  small  that  the 
change  in  the  signs  of  b^  —b  and  /  —  /'  may  be  taken  the  same  as  in  the  ai'cs  them- 
selves, and  putting  c,  and  a?,  for  the  values  of  c  and  co  which  refer  to  the  station,  we 

shall  have 

c-i  sin  G?i  —  c  sin  co  -^  p  sin  /?  sin  tt  (7) 

Ci  cos  G?i  zz  c  cos  CO  —  p  COS  j8  sin  tt  sin.  (A  —  /') 

From  these  equations  the  varying  values  of  c  and  co  may  be  computed  for  any  place 
at  any  moment.  But  what  we  really  want  is  the  time  at  wliich  Ci  has  the  value  Ti,  the 
latter  being  the  value  of  r  when  r/  is  substituted  for  r  in  (3).  By  this  substitution 
we  find,  to  quantities  of  the  first  order 

Ti  —  r  zz—  p  COS  /?  sin  tt  cos  (A  —  /') 

zz  p  sin  S  cos  /?  sin  tt  cos  (A  —  /') 

where  we  put  S  for  the  sun's  geocentric  angular  semi-diameter.  At  the  moment  of 
geocentric  contact  we  have  c  zz  r,  while  at  the  required  moment  of  local  contact  we 
must  have 

and  the  problem  is  to  find  the  interval  after  geocentric  contact  when  this  will  occur. 
This  interval  will  be  so  small  that  we  ma}^  regard  the  quantities  in  the  equations  (7) 
as  varying  uniformly  through  its  extent.     If,  then,  we  put 

qzz-{-  p  sin  /?  sin  zr  (8) 

2)  zz:  —  p  cos  j8  sin  zr  sin  (A  —  r) 
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the  quantities  being  taken  for  the  moment  of  geocentric  contact,  tlie  eqifation  (7)  gives, 
for  the  condition  of  local  contact, 

Ti  sin  6l7i  zz  r  sin  co  +  q  +  I    ;,  +  ^*  ^in  o)')  t 

Fi   cos  «!   ZZ  r  cos  ^  +  ^  +  I    -       +  ^'  ('OS  GO  )   t 

\dt 

and  the  problem  is  reduced  to  finding  the  values  of  co^  and  t  from  these  equations.  The 
first  will  be  the  local  position-angle  of  the  two  bodies  at  the  moment  of  local  contact, 
and  t  will  be  tlie  correction  to  reduce  geocentric  to  local  contact.  The  latter  quantity 
is,  in  fact,  the  only  one  that  is  wanted,  since  the  position-angle  go  cannot  be  observed. 
The  preceding  equations  can,  if  desired,  be  rigorously  solved  for  any  station  by 
Bessel's  ecHpse  formulae,  as  follows : 

Ti-=.T  +  p  sin  S  sin  tt  cos  /?  cos  (A  —  I') 

Find  m  and  M  from  the  equations : 

m  sin  M  zz  r  sin   go  -^  q 

m  cos  M  =:  r  cos  go  -{-  jy  (10) 

and  m'  and  N,  tp  and  /,  from  the  equations : 

m'  sin  N  zz  n  sin  go'  +    / 

(It 

m'  cos  N  zz  w  cos  go'  +    f 

at 

,        m  sin  (M  —  N) 
sm  w  zz    —       ^ —    — - 

. Fi  cos  tp  —  m  cos  (M  —  N). 


;./ 


If  T  is  the  moment  of  geocentric  contact,  T  -{-  t  will  be  that  of  local  contact 
In  most  cases,  however,  an  approximate  method  leading  to  the  usual  formulae  will 
be  sufficient.  The  quantities  t  and  q  are,  when  at  their  maximum,  smaller  than  r  in 
the  ratio  of  the  radius  of  the  earth  to  that  of  the  shadow  cone,  or  roughly  in  transits 
of  Mercury,  1:150  in  a  May  transit  and  1:250  in  a  November  transit.  Also,  jp'  and  q' 
are  smaller  than  n  in  about  the  same  ratio.  Therefore,  the  development  in  powers  of 
tliese  quantities  will  converge  very  rapidly. 

Squaring  the  equations  ^(9)  and  taking  the  sum,  in  order  to  eliminate  co'  we  have, 
omitting  the  second  powers  of  the  small  quantities  j>,  y,  j/t,  qt, 

Fi"  zz  r'  +  2  r  (j)  COS  GO  +  q  sin  u))  -}-  2  T  nt  cos  (&>  —  a;') 
or 

r/-  —  1"  zz  2  r  {2^  cos  GO  -{-  q  sin  ^)  +  2  r  nl  cos  {go  —  co')  (11) 

The  quantity  r/-  —  r^  zz  (Fi  +  F)  (Fi  —  f)  is  very  small.     Fi  may  be  derived  from 

A.  p.,  PART  VI 1) 
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the  value  of  r  in  (3)  by  substituting  /V  for  r' .  Wo  thus  find  from  the  expression  for 
r/  in  (6),  neglecting  the  quotient  of  the  radius  of  the  planet  divided  by  that  of  the  sun, 

Fi  —  r  zz     ,  p  sin  7t  cos  /?  cos  (A  —  /') 

Y 

But,    ,  is  the  sine  of  the  sun's  angular  semi-diameter  as  seen  from  the  earth,  which  we 

have  called  S.     Therefore, 

Fi  —  F  zz  p  sin  S  sin  tt  cos  /?  cos  (A  —  /') 

Thus  we  have,  with  all  necessary  exactness, 

Fi"  —  F^  zz  2  r  (Fi  —  F)  zz  2  r  sin  S  p  sin  ;r  cos  /?  cos  (A  —  /') 

It  is  scarcely  possible,  from  any  number  of  observations  of  a  transit  of  Mercury, 

to  obtain  the  time  of  contact  without  an  uncertainty  of  more  than  a  second  of  time. 

V  (J      , 

The  error  from  neglecting  all  the  powers  of  -   and  -    will  rarely  amount  to  a  second, 

except  when  the  least  geocentric  distance  of  centers  is  nearly  as  great  as  the  sun's 
semi-diameter.  In  this  case  it  will  be  more  convenient  to  use  the  rigorous  formulae 
(10).  In  all  other  cases  we  may  take  the  approximate  expression  (11).  So  substi- 
tuting the  above  value  of  Fi^  —  r2  in  (i  i),  and  solving  with  respect  to  /,  we  find 

_  p  sin  S  sin  tt  cos  /?  cos  (A  —  /')  — p  cos  go  —  g  sin  iv 

n  cos  {00  —  gd') 

Substituting  for  p  and  q  their  values,  this  expression  reduces  to 

p  sin  TT  {sin  S  cos  /?  cos  (A  —  V)  +  cos  00  cos  /?  sin  (A  —  /')  —  sm  co  %\n  /3\ 

n  cos  {co  —  go') 

The  quantities  ft  and  A,  which  represent  the  latitude  and  longitude  of  the  observer's 
geocentric  zenith,  are  given  by  equations : 

cos  /?  cos  A  zz  cos  q)'  cos  r 
cos  /?  sin  A  zz  cos  cp'  cos  e  sin  r  +  sin  (p'  sin  e 
sin  /?  zn  sin  q}'  cos  e  —  cos  (p'  sin  a  sin  r 

where  e  is  the  obliquity  of  the  ecliptic,  (p'  the  observer's  geocentric  latitude  and  r  the 

local  sidereal  time.  If  we  substitute  these  values  in  the  expression  for  /,  it  may  be 
expressed  in  the  form 

t-zzAp  sin  cp'  +  Bp  cos  q)  cos  r  +  Cp  cos  ip'  sin  r  (12) 

where  • 

A  zz        -   ,  /x    >  —  ^'<^>«  ^  sin  00  +  sin  e  (cos  go  cos  V  +  sin  S  sin  /')  \ 

U  cos  {co  —  G)  )    *  "^  '  ^^ 

li  zz  ,  /x  { —  COS  &>  sin  /'  +  sin  S  cos  /'  \ 

•  //  cos  {go  —  GO)   *  ^ 

C  zz  ,  ,.  J  sin  6  sin  go  4-  cos  e  (cos  go  cos  V  +  sin  S  sin  H)  \ 

n  cos  {go  —  €o)  ^  ^  '  ^ ' 
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In  these  equations  the  coefficient  sin  S  is  only  0.0046 ;  it  is,  therefore,  of  the 
same  order  of  magnitude  with  quantities  wKich  we  have  neglected.  It  may,  however, 
be  readily  taken  into  account  by  substituting  for  /'  the  quantity  /'  —  sin  S  sec  00 -=.1'  — 
16'  sec  o),  which  corrected  value  of  /'  we  may  call  H' .  Developing  to  quantities  of 
the  first  order  with  respect  to  the  small  quantity  S,  we  have 

cos  CO  sin  I"  =  cos  co  sin  t  —  sin  S  cos  /' 
cos  GO  cos  /"  zz  cos  CO  COS  /'  +  sin  S  sin  /' 

Making  these  substitutions,  and  putting  tt  instead  of  sin  tt,  the  values  of  A,  B,  and  C 
will  become  • 

77* 

A  ZZ  ,  ,.  j sin  £  cos  GO  COS  r'  —  COS  €  sin  co \ 

n  COS  {co  —  Go)^ 

7t 

B  zr—  7 TV  —  COS  CO  sin  X' 

n  cos  {oo  —  co) 


c=    -     " 

wcos 


-7 7T  {sin  €  sin  co  +  cos  €  cos  go  cos  /'' \ 

S  (g?  —  GO)^  ^ 


The  computations  of  these  quantities  and  of  the  final  values  of  Hn  (12)  may  be 
most  readily  efifected  as  follows.     From 


find  p  and  P      Then, 


From 


find  k  and  K.     Then, 


and 


p^in  P  :=  sin  00 

p  cos  P  zz  cos  GO  cos  I 


.   pTT  sin  {e  —  P) 

""    n  cos  {go  —  co')  ' 

A;  sin  K  zz  p  cos  (e  —  P) 
k  cos  K  =  —  cos  GO  sin  l" 


D  =  -  -''* 

n  cos  {co  —  co') 


tzz  kp  sin  q)  +  Dp  cos  q>'  cos  (K  —  r). 


Here  we  may  take  for  r  the  local  sidereal  time  of  geocentric  contact  If  we 
put  L,  the  west  longitude  of  the  place,  r^,  tlie  Greenwich  sidereal  time  of  contact, 
expressed  in  arc,  we  shall  have 

TZZTq  —  L 

tzz  Ap  sin  q)'  +  Dp  cos  (p'  cos  (K  —  r„  +  L)  (13) 

which  is  equivalent  to  the  usual  formula. 
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§2. 

Reductions  of  the  cojistants  in  the  preceding  formula  to  numbers. 

Having  a  number  of  transits  to  reduce,  the  work  will  be  facilitated  by  reducing 
the  preceding  formulae,  so  far  as  possible,  to  numbers.  The  following  are  the  adopted 
values  of  the  semi- diameters  of  the  sun  and  Mercury. 

Sun:  R'  zz  sin  959''.78  zz  .004653  16 

Mercury:    R  zz  sin       3".30  zz  .00001600 

In  forming  r  from  (3)  the  cosines  of  the  small  anglo^  c  and  /  vary  so  slightly 
that  they  may  be  assumed  to  have  the  same  values  for  all  May  transits  and  for  all 
November  transits.     The  principal  quantities  to  be  used  are  as  follows  : 

May  transits.       November  transit-s. 

/,  (approximate)  -----  1.0096  0.9904 

r,    (approximate) 0.4516  0-3139 

sin  /  (external  contact)   -     -     -  0.01033  0.01487 

sin  /  (internal  contact)    -     -     -  0.01026  0.01477 

sin  c  (external  contact)    -     -     -  0.00572  0.01018 

sin  c  (internal  contact)    -     -     -  0.00565  0.01008 

log  cos  c  sec/(R'  +  R)  (\n  sec).  -     -     2.9S3678         2.983688 
log  cos  c  sec/(R'  —  R)  (in  sec).  -     -     2.980693         2.980702    • 
log  R' sec /(in  sec). 2.982196         2.982220 

We  therefore  have  from  (3)  the  following  numerical  formulae  for  r  in  seconds : 
May  transit,  external  contact,   r  =  -  '^-A  ^_  J  — L_-9       9  J 

May  transit,  internal  contact,    Fzz  L  '^ — 93J  _  L_:9^_     y_  J 

r  r 

November  transit,  ext.  contact,  r  iz:  *-        *^ —  ^—^ — -, 

'  r  r' 

November  transit,  int.  contact,  r  =  [^^702]  _  [li9l^2  ?o] 

r  r' 

The  following  are  the  extreme  values  of  the  aberration  time,  from  which  inter- 
mediate values  can  be  found  as  with  the  argument  log  r  ; 

6'. 

May  transits   -     .    J  j^g  ^  zz  9.6522  ;   r^  -  r,  zz  2>9.i 

(log  r  zz  9.6580;   To  —  Ti  zz  276.1 

November  transits  \  ^^  ^  =  94942  ;   r,  -  r,  zz  337-8 

{  log  r  -  9.4997 ;  ^2  -  ^1  =  335-6 

Taking  8'^848  as  the  mean  solar  pnrallax,  we  have 

For  a  May  transit:  log  tt  zz  0.9427. 
For  a  November  transit :  log  n  zz  0.9510. 
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Reductions  to  external  contact. 

For  reasons  already  given,  only  last  external  contacts  have  been  used.  Instead 
of  computing  them  independently,  they  have  been  obtained  from  those  of  last  internal 
contact  by  computing  the  difference  of  times  of  the  two  phases.  Taking  the  differ- 
ence between  the  two  values  of  r  for  the  two  classes  of  contact  we  find  them  to  be: 

November  transits :  z/rz=2i''o2. 
May  transits:  Jt  h:  I4".6i. 

If  we  represent  by  -::/ the  changes  of  the  (piantities  to  reduce  from  internal  to 
external  contact,  we  have 

cJc  =  {l-  V)  {^l  -  Jl-)  +  {V  -  h)  (  JV  -  Jh) 

By  substituting 


M  zz   ,,  Jt.  etc., 
at 


we  find 


^'  =  \-^\dt'dt)'^--l-\dt^dt^^^^ 


The  condition  of  contact  being  Jc  zz  Jt^  we  have,  for  the  values  of  Jt 

For  November  transits,  Jt  -zz         '     '  ,. 

n  cos  {go  —  GO) 

For  Mav  transits,  Jt  zn  \  '  ,. 

n  cos  {00  —  GO) 

These  corrections  are  to  be  applied  to  the  times  of  internal  contact  to  reduce  them 
to  those  of  external  contact. 

§3- 
Tahidar  heliocentric  ])osition^  of  Mercury  and  the  earth. 

The  tabular  heliocentric  positions  of  Mercury  and  the  earth  are  derived  from 
Leverrier's  tables  in  Vols.  IV  and  V  of  his  Annaks  de  VOhservatoire.  They  are  ex- 
hibited in  the  following  table. 

The  first  two  columns  give  the  dates  and  the  Paris  and  Greenwich  mean  times  of 
computation.  In  the  second  column  the  first  number  is  the  Paris  time  which  was  used 
unchanged  in  the  computations.  It  was  originally  intended  to  choose  this  time  so  as 
to  correspond  to  the  nearest  hour  and  sometimes  the  nearest  simple  fraction  of  an  hour 
to  the  observed  contact.  But  as  the  work  was  performed  before  the  contacts  were 
carefully  examined  this  condition  is  frequently  not  fulfilled. 

The  second  number  of  this  column  gives  the  Greenwich  time  corresponding  to 
the  Paris  time. 
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The  third  number  gives  the  Greenwich  time  as  corrected  for  aberration,  and  is 
less  than  the  time  of  computation  by  the  interval  required  for  light  to  pass  from  the 
planet  to  the  earth. 

The  aberration  time  given  in  the  last  column  is  the  time  required  for  light  to  pass 
from  Mercury  to  the  earth.  Along  with  it  is  given  the  motion  of  Mercury  in  longitude 
during  this  interval.  As  already  stated,  and  as  will  be  presently  shown  more  fully,  the 
longitude  of  Mercury  is  to  be  ultimately  referred  to  a  moment  at  which  the  ray  of 
light,  indicating  contact  to  the  observer,  passed  it. 

The  third  column  gives  in  the  first  line  of  each  set  the  longitude  of  Mercury  referred 
to  the  mean  equinox  of  the  date  for  a  moment  earlier  than  the  first  mean  trme  in  column 
two  by  the  aberration  time.  The  longitude  was  first  computed  for  the  given  Paris  time, 
and  the  motion  in  longitude  during  the  aberration  time  was  then  subtracted.  Hence, 
to  find  the  longitude  for  the  given  Paris  time,  the  correction  given  in  the  last  column 
must  be  applied  positively  to  the  longitude  of  Mercury  in  the  second  column. 

Under  each  longitude  of  Mercury  is  given  the  longitude  of  the  earth,  which  is  also 
referred  to  the  mean  equinox,  for  the  moment  first  indicated  in  the  second  column. 
The  tabular  longitude  of  the  sun  is  freed  from  the  effect  of  aberration  in  order  to 
have  the  longitude  of  the  earth  for  the  given  moment. 

Under  each  pair  of  longitudes  is  given  their  dift'erence  found  by  simple  subtraction. 

The  latitudes  of  Mercury  and  the  earth  in  the  fifth  column  are  given  in  the  same 
way  as  the  longitudes ;  that  is,  the  latitude  of  Mercury  is  that  which  corresponds  to 
the  moment  found  by  subtracting  aberration  time  from  the  time  of  computation  in  the 
second  column,  and  which  is  the  third  of  the  given  times.  The  hourly  motions  in 
longitude  and  latitude  are  computed  for  each  date  independently  by  means  of  the 
differences  in  the  tables.  Hence,  when  two  places  are  given  for  an  interval  of  a  few 
hours  the  hourly  motions  may  be  used  to  check  the  computations. 

It  may,  however,  be  remarked  that  these  hourly  motions  are  those  obtained  for 
the  original  moment  of  computation  without  respect  to  the  aberration  time,  llence, 
to  correspond  strictly  to  the  longitude,  they  should  be  reduced  for  aberration  tim^. 
The  necessary  reduction  is  so  small  that  no  account  has  been  taken  of  it. 

In  the  colunm  ^'Perturbations  by  Venus"  are  given  the  perturbations  of  Mercury 
and  of  the  earth,  and  also  their  differences.  Since  the  phenomena  of  contact  depend 
entirely  upon  relative  position,  only  the  difference  of  perturbations  need  be  considered. 

The  colunm  log  r  gives  the  logarithm  of  the  radii  vectores  of  Mercury  and  the 
earth  for  the  times  given  in  the  second  colunm,  uncorrected  for  aberration.  In  strict- 
ness they  should  be  corrected  for  the  aberration  times  like  the  longitudes  and  latitudes. 
This  correction  has  been  made  in  the  subsequent  work,  but  not  in  the  tabular  exhibit. 

Theory  of  the  correct  ion  for  aberration  when  heliocentric  elements  are  used, — The  gen- 
eral basis  of  this  theory  has  already  been  given,  lint  the  following  more  careful  and 
rigorous  examination  of  it  may  be  desirable. 

Let  us  put 

the  absolute  longitude,  latitude,  and  radius  vector  of  Mercury  for  a  certain  moment  of 
computation  from  the  tables,  which  moment  we  take  as  the  zero  of  time : 
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/',  Vj  r\  the  hourly  variations  of  these  quantities ; 

Lo,  By,  Ro,  the  absolute  longitude,  latitude,  and  radius  vector  of  the  earth  for  the 
same  moment  of  time. 

L',  Wj  R',  their  hourly  variations ; 

Ti  the  time  required  for  light  to  pass  from  the  sun  to  the  planet ; 

T2  the  time  required  to  pass  from  the  sun  to  the  earth. 

We  shall  then  have,  with  all  necessary  approximation, 

for  the  time  required  for  light  to  pass  from  the  planet  to  tlie  earth. 

We  shall  tlien  have  for  any  time  t  after  the  moment  of  computation  values  of  tlie 
absolute  co-ordinates  of  the  two  bodies  given  by  equations  of  the  form 

I  =  h  +  vt 

L  zz  Lo  +  Ut  etc.,  etc. 

The  phenomena  of  contact  are  determined  by  the  condition  that  a  ray  of  light 
leaving  the  limb  of  the  sun  at  a  certain  moment  shall  graze  the  surface  of  the  planet  at 
a  moment  t^  later,  and  reach  the  eye  of  the  observer  yet  later  by  the  time  T3.  Hence, 
if  we  put  Iq  for  the  interval  after  the  zero  of  time  when  the  required  ray  of  light  left  the 
sun,  it  will  reach  the  planet  at  tlie  moment  t^  +  ^i?  ^^d  the  observer  at  the  moment 
'0  +  ^-i-  Hence  the  time  ^0  is  to  be  determined  by  the  condition  that  the  position  of 
some  point  on  the  planet  at  the  moment  t^  +  ^i  ^^^d  of  some  point  on  the  earth  at  the 
moment  t^  +  U  shall  be  in  the  same  straight  line,  or  be  in  some  definite  relative  posi 
tion  not  differing  much  from  a  straight  line. 

The  co-ordinates  of  the  two  bodies  at  these  moments  will  be, 
For  the  planet, 

A  +  ft'  (to  +  rO 
^•0  +  /    (to  +  r,) 
And  for  the  earth, 

Lo  +  L'  (to  +  r,) 
Bo  +  B'  (/o  +  r,) 
Ro  +  R'  (^0  +  ^2) 

Now  the  condition  of  contact  is  that  the  position  of  the  three  bodies  at  the  times 
thus  indicated  shall  be  such  that  the  observer  shall  be  on  the  cone  surrounding  the 
sun  and  planet.  Assuming  f^  to  be  deternn'ned  by  this  condition  the  actual  moment 
of  contact  as  seen  by  the  observer  will  be  /«  +  ^2- 

If  then  we  put 

If  also  we  put 

l,=  /„-  /'(r,-r,) 
y6f,  =  /y„  -  /3'  (r,  -  r,) 
r,  =   r„—  r'  {t.,  —  r,) 
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The  condition  of  contact  will  be  that  at  the  time  t^  the  co-ordinates  determined 
by  the  equations 

A  =  /?,  +  /^'  ^ 

r  =  r,  +  r'  ^ 

L  zz  Lo  + 1;  t, 

B  =  A,  +  B'  /, 
U  =  Ko  +  H'  ^ 

shall  fulfill  the  required  condition. 

We  may  now  describe  the  third  and  fifth  columns  of  the  table  as  giving  the  values 
of  the  quantities  /i,  Lo,  h^,  Bq  and  tlieir  diiferences.  The  quantities  /,  h,  r,  L,  B,  R, 
are  now  of  the  same  general  form  with  that  assumed  in  §  i  of  this  part  as  the  basis  of 
the  investigation.  The  time  t^  takes  the  place  of  /,  and  the  co-ordinates  /i,  /S^^  etc., 
take  the  place  of  the  co-ordinates  at  the  zero  of  time.  Hence,  the  equations  of  §  i 
may  be  applied  unchanged,  merely  taking  f^  as  the  unknown  quantity  instead  of  t 
Moreover,  the  time  ti  will  express  the  local  time  of  actual  contact  at  the  earth's 
surface. 

The  computation  of  the  several  quantities  in  this  table  were  all  made  in  duplicate, 
and  in  case  where  the  discrepancy  approximated  to  the  tenth  of  a  second  the  compu- 
tations were  re-examined  and  reconciled.  Where  the  diflference  did  not  exceed  two  or 
three  hundredths  of  a  second,  and  might,  therefore,  be  attributed  to  the  accumulation 
of  accidental  errors  in  taking  out  numbers  from  the  tables,  the  mean  of  the  two  result^s 
was  adopted.  The  form  in  whioh  the  work  is  presented  is  such  as  to  render  very  easy 
the  discovery  of  any  accidental  error.     The  aberration  time  in  the  last  coumn  is  equal 

to  T^  —  To. 
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Positions  of  Mercury  and  the  Earth,  from  Leverrier's  Tables. 


Date. 

Paria  M.  T. 
Greenwich  M.  T. 

1 

longitude 

MiTcur>*, 

Earth. 

Hourly 
MutionH. 

Latitude 

Mercury, 

Earth. 

Hourly 
Mot  ion  n. 

Pert. 

by 
Venus. 

Logr 

Mercury-, 

Earth.* 

Aberration 
lime. 

21 

in. 

9 

21 

0 
44 

Dif 

54 

r. 

• 
It 

908.75 

Diff. 

»        // 
+    2    54.49 

II 
—  16,51 

337'-o     1 

1677. 
Nov.    6 

29.63 

-\- 

111. 58 

9.4963396 

2( 

0 

0 

45 

36 

0.34 

150.99 

—  0.40 

-}-O.OI 

-     3  85 

9.9953667 

-     85".07 

20 

54 

23.0 

— 

4« 

30- 7 « 

757  76 

4-    2    54. 89 

4- 

111.57 

-   12.^6 

1677. 
Nov.    7 

3 

9 

2t 

46 

25 

33.63 

9«2-55 

+   M       487 

-f 

112.05 

-   16.78 

9-4954334 

337*.4 

3 

0 

0 

45 

5» 

6.07 

151.01 

-  0-35 

-fo.oi 

-     3.81 

9-9«^?5344i 

-     85".5o  , 

22 

54 

22.6 

+ 

34 

26.55 

761.54 

+    14          5-22 

4- 

112.04 

-   »2.97 

1 

i6qo. 
Nov.    9 

19 

54 

21 

48 

47 

i»  93 

9»7-59 

-f  30     »8.95 

-f 

112.70 

-     1.7Q 

9.4942272 

337V8 

. 

'9 

45 

0 

48 

25 

4-94 

151.17 

-f   0.34 

0.00 

-      1.40 

9.9951279 

-    86". 10 

•9 

39 

32.2 

-f 

22 

6.99 

766.42 

■j-  30     18.71 

-f 

1 1 2 . 70 

-     0.39 

1^)7- 
Nov.     2 

tg 

53 

0 

42 

9 

21.16 

900.38 

—    19      6.65 

f 

110.55 

4-    4-92 

9.4983092 

3  36V  2 

»9 

43 

39 

4« 

40 

3«-77 

150.69 

-1-  0.59 

0.00 

f    2.17 

9.9957905 

-     84".o6 

»9 

38 

2.8 

-f 

28 

49-39 

749.69 

-    »9       7.24 

-f 

110.55 

4-    2.75 

i 

1723. 
Nov.    9 

2 

36 

0 

46 

6 

49.01 

QIO.OO 

+     7     46.12 

+ 

111.73 

-    9.79 

9.4960269 

337M  i 

3 

26 

39 

46 

40 

41.89 

151.01 

-f  072 

o.co 

4-    1.T3 

9-9953517 

-  85". 18 

1 

3 

21 

1.9 

— 

-3 

52.88 

758.99 

+     7     45-40 

+ 

»"-73 

—  10.92 

1 

1 

,  »736. 
Nov.  10 

»9 

9 

21 

48 

24 

S7.80 

915.12 

+  23     35  7> 

-f 

112.36 

-     4-39 

9.4948091 

337'-6     ' 

»9 
18 

0 
54 

0 
33.4 

49 

»3 
48 

54  98 
57»8 

151.17 
763.95 

—  0.03 
4-  23     35-74 

+ 

0.00 

-     6.59 
-\-     2. 30 

9.9951363 

-    85".84 

112.36 

^>736. 
Nov.  10 

31 

9 

21 

48 

55 

29.01 

916.37 

-f  27     19.70 

4- 

"3  54 

-     4-41 

9-4945379 

1 
337'-7     1 

3t 

20 

0 

54 

0 
22.3 

49 

18 
23 

57  42 
36  41 

i5>-«7 
765-12 

—  0.03 

-f  27     19  73 

0.00 

-     6.59 
-\-     3.18 

9.9951279 

-     85".95  , 

-f- 

112.54 

i 

>73<5. 
Nov.  11 

0 

9 

21 

49 

4t 

3J.79 

918.03 

-f  32     5703 

4- 

112.72 

—     4.36 

9.4941174 

337'.8     ' 

xo 

0 
2J 

0 
54 

0 
22.2 

49 

26 
M 

30.89 
49.90 

151.18 
766.84 

0.00 
-f  33     57-03 

4- 

0.00 
1 1 2 .  73 

-     6.59 

9.9951152 

-    86".  11 

4-    2.33 

May     3 

9 

59 

21 

322 

39 

7.89 

440.71 

-f-  19       9  63 

— 

54." 

—    2.87 

9-6534729 

378V5 

9 

50 

0 

322 

41 

41.36 

M5   13 

—  0.32 

0.00 

4-    1.00 

0.0039904 

-    34"." 

9 

45 

21.5 

— 

2 

33-37 

295  58 

-f  t9      9-95 

— 

54." 

-    3-87 

I7-43- 
Nov.     4 

20 

^l 

21 

42 

9 

28.75 

898.46 

-  23       5-59 

-f 

1 10.20 

4-  15-72 

9.4987932 

I 

335'.6 

20 
20 

22 

16 

0 
244 

42 

33 
23 

11. 44 
42.69 

150.69 
747-77 

—  0.66 

—  O.Ol 

4-    3-66 

9.9958021 

-     83".74 

1 

-  23       4-93 

+ 

110. 31 

-h    13. 06 

.1 

1743. 
Nov.    5 

0 

9 

21 

4{ 

3 

57-35 

901.04 

—    16     24.89 

-1- 

110.63 

4-  «5-72 

9.4981719 

336'.3     ' 

4 

0 

0 

0 

42 

42 

18.97 

150.70 

—  0.69 

—  O.OI 

-h     3-66 

9.9957866 

-     84". 16 

23 

54 

23  7 

+ 

21 

38-38 

750.34 

—    16     24.20 

4- 

110.64 

-f  12  06 

»753- 
May     5 

32 

«5 

0 

226 

>5 

15.51 

434. 3« 

-     6     13.85 

— 

53  33 

-■     4-46 

9-^566337 

2  76V  7     1 

22 
22 

5 

I 

39 
23 

225 

57 
18 

0.04 
»5-47 

»44  93 

• 

2S9  4« 

-h  0.16 
—     6     14.01 

- 

0.00 

-h     2.89 
-     7  35 

0.0043322 

-     33".4o  ! 

1 

53  33 

1 

'756. 
;  Nov.    6 

13 

39 

21 

44 

34 

13.06 

904.63 

-     6     28.48 

4- 

111.11 

—   to. 56 

9.4973108 

336V6 

13 

30 

0 

45 

7 

.^7-97 

150.87 

-}-  0.17 

0.00 

-     1.91 

9-9855457 

-    84".58 

1 

'3 

24 

23 -4 

— 

33 

24.91 

753  76 

-     6     28.65 

4- 

111.11 

-     8.65 

,       '75<''- 
Nov.    6 

«9 

3 

21 

45 

55 

47- M 

908. 2 J 

-f     3     32.45 

4- 

"»-55 

—   10.62 

9-4964505 

33f'.9     1 

1 

18 

54 

0 

45 

21 

12.47 

150.88 

-}-  0.17 

0.00 

-      1.90 

9.9955229 

-     84".99 

18 

48 

23.1 

-f 

34 

34-67 

757-34 

f     3     32-28 

4- 

»"-55 

-     8.73 

;       1769. 
Nov.    9 

7 

3» 

2t 

47 

11 

20.44 

010.90 

-f  "     40.75 

+ 

1 1 1 . 84 

-     9-35 

9.4958061 

337M     * 

7 
7 

32 
16 

0 
22.9 

47     44 
—     32 

10 

TI.23 
50.79 

151*03 
759-88 

-  0.45 
-f-  11     41.30 

-^ 

0.00 
111.84 

4-    2.71 

9-9953»o3 

-     85". 36 

—  12.06 

1 

A. 

P.,  PART 
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Positions  of  Mercury  and  tJie  Earth,  etc, — Continued. 


Diitr. 


1769. 
Nov.    9 


Paris  M.  T. 
Greenwich  M.T. 


h.    m.    t. 

12    18    21 


1782. 
Nov.  12 


1782. 
Nov.  12 


1786. 
May     3 


1786. 
May     3 


May     7 


1802. 
Nov.    8 


1802. 
Nov.    9 


1822. 
Nov.    4 


L     1832. 
May     5 


12 


12 


9      o 
3     22-6 


Lonptude 

Mercury, 

Earth. 


Diff. 

o        '  " 

48     24       4-37 
47     56     13-^4 


I  Latitude 

i  Mercury, 

Hourly  Earth: 

Motions. 


Hourly 
Motions. 


Pert. 

by 

Venus. 


Log  r       Aberration 
^^ISh!^'  !      Ume 


Diff. 


'I 


ft 


9T3-87  +  20  36.02 
151.05      -  0.44 


-f     112.25      -     957 
0.00     -}-     2.76 


-f-     27     50.73  762.82      -\-  20     36.46      -f"     112.25      —    ^2.33 


3      9     21 
300 


50     16    51.05 
50    25     1 1 . 56 


9«7-74      +  33     »7.i5 
151.19  '  -f  0.31 


■\-     112.34      +  »6.8o 
0.00     -\-    6.65 


2     54     22.2       —       8    20.51         766.55     4-  33     16.84     -f     112.34     -f  10.15 


4      9    21 
400 


50    32      9.12 
50    27    42.75 


918.31      -}-  35      9.65 
151.19  -f  0.31 


-f  112.38  -f  16.80 
0.00  -|-  6.65 


3  54  22.2    -f   4  26.37    767.12  .+  35   9.34   -f-  112.38 


10.15 


15       9     21 
1500 


223     34       7-91 
223     44     46.17 


440.28      -\-  16     25.22 
145.12  —  0.01 


-   54.06   -  5.09 
-ho. 01   —  10.28 


14  55  21.8   —  10  38.26    295.16  -f  16  25.23   —   54.07  -|-  5.19 


20   9  21    224  10  47.77 
20   o   o    223  56  51.75 


439.10  -f  II  55.51 

145.10      -}-  0.02 


-   53-92   -  504 
-|-o.oi   —  10.31 


9.4951008 
9.9952902 


9.494«7«> 
9  9950936 


9  4940354 
9.9950900 


9  6536747 
0.0040343 


9.6543616 
0.0040451 


337*4 
85".64 


337'.8 
86".o8 


337*.8 
86"  .08 


278».« 
-  34".03 


278".a 
-  33".94 


1 

1 

tQ 

55 

21  8 

+ 

>3 

56.02 

1789. 

Nov.  5 

1 

4 

21 

43 

7 

45  06 

1 

0 
0 

55 
49 

0 
24.0 

4J 

35 

20.93 

1 

27 

35  87 

Nov.  5 

5 

5« 

31 

44 

»9 

33-74 

5 
5 

42 

36 

0 
237 

43 

47 

21.62 

-f 

32 

12.12 

I  May  6 

21 

9 

21 

226 

24 

56.07 

; 

21 

0 

0 

226 

44 

44.38 

294.00    -f-  II    55.49    -     53.93    4-    5.27 


899.21     —  19   58.02 
150.71  -f  0.36 


-f  110.41  +  440 
0.00  —  7.51 


748.50  —  19  58.38  +  110.41  -f  11.91 


9.4986204      336'.o 
9-9957774   -  83".9o 


903.56   —  II   9.07 
150.73      4-  0.39 


-h  X10.86  I  -(-  4.28 
0.00   —  7.49 


75>-83   —  II   9.46   -f  110.86  4-  "-77 


43530   -  3  24.56 

144.92  ,        —  O.I3 


-   53-45   +  3-95 
0.00   —  8.84 


20  55  23.3   -  19  48.31    390.38  ,  -  3  34.44   -  53-45   -f  ".79 


4  39  21    327  18   2.55 
4  20   o    227   3  27.46 


^33-75   -  9  55-88 
144-90      —  0.15 


-   53-26  -f  3.91 
0.00   —  8.80 


4  »5  23.3   -f  15  35.09    288.85   -  9  55-73   -   53-'6  -\-   13.71 


2J  54  21 
23  45   o 


46  59   9.22 
46  24  24 . 60 


909  10  4-  7  19.71 


151.32 


-  0.31 


4-  111.62  -  3.77 
4-0.01  —  1.48 


23  39  22.9   4-  34  44.62    75778  -h  7  >9-03-'  -f  III. 61  I  —  3.39 


O   54   31 

o  45   o 


47  M  18.47 
46  26  55.55 


909-74  +  9  10.36 
151.32      —  0.30 


-f  "1. 74   -  3-8i 
4-O.OI   —  1,47 


o  39  23.9   4-  47  32.92    758.42   4  9  10.66   -f  111. 73   —  2.34 


9.4978x13 
9  9957570 


336'-3 
84".33 


9.656x498 

376-.7 

0.0043103 

1 

-  33".47 

9-6569333 

a76-.7 

0.0043400 

-  33".36 

9.4963414 
9.9955133 


337". « 
85"  .09 


Q.  4960877     337*.  X 
9  9955081   -  85".X5 


13  n    31     41  52  47.41 
13   3   o   I  42   5  14.76 


894.05   —  32   1.98 
150.56  I     -  0.41 


'I-  109-77  4-  18.53 
0.00  4-  6.29 


1 

12 

57 

24  4 

— 

12 

27-35 

1822. 

Nov.  4 

15 

54 

21 

42 

33 

5.10 

15 
15 

45 
59 

0 
24-4 

42 

12 

1.25 

-h 

21 

3-85 

1832. 

May  4 

21 

9 

21 

224 

35 

22.48 

I 

21 

0 

0 

224 

50 

21.96 

743-49   -  32   1.57   +  109.77   4-  12.24 


896.02   —  27   5.89 
150.56       —  0.41 


-I-  X10.02  -\-   18.63 
0.00  4"  6. 26  I 


745.46  -  27  5.48  -f  110. 03  4-  12.37 


43970  4-  12  55.23 
145.10     -f  0.35 


53-99   -  3" 
0.00  -h  8.89 


20  55  21.9 

3  51  21 
3  42   o 


14  59.48    294.60  '  +  12  54.88   —   53-99   —  12.00 


225  24  23.24 
225   6  34.12 


438.12  -f  6  54.02   -   53.79   -  3.12 


145.07 


-I-  0.33 


.00  4-  8.89  ' 


3  37  22.4  ■     -f-  17  49.12    393.05   4  6  53.70  I  —   53.79  !  — 


13. 01 


9-4998451 
9-9960X57 


9.4995639 
9.996004a 


9.6539706 
0.0040566 


9  6547443 
0.0040844 


335".6 
84".33 


335'-6 
83".5« 


378'.  I 
-    33''.99 


a77*.6 
33".78 
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Positions  of  Mercury  and  the  Earth,  etc. — Continued. 


1 

Date. 

Paris  M.  T. 
Greenwich  M.  T. 

LoDKitudo 

Mercury, 

Earth. 

Hourly 
Motions. 

Latitude 

Mercury, 

Earth. 

Hourly 
MotiouA. 

Pert. 
Venue. 

Log  r 

Mercury, 

Earth. 

Abemitiuu 
time. 

h.    m. 

4    29 

Diff. 

434-49 

Diff. 

-     8      4.20  j  -      53.35 

4-    314 

9-6565614 

277M 

1845- 
May     8 

t. 

31 

0 
227 

35 

3»-26 

4    ao 
4     IS 

0 
33.9 

227 

53 
«7 

22.92 
51.66 

144.90 
289.59 

-f  0.19 
-     8      4.39 

0.00 

-    1.39 

0.0043575 

-    33".46 

-      53.35 

+     4-53 

184s. 
May     8 

10    51 

31 

228 

31 

33-40 

433.»5 

-  13    43.26 

-      5318 

4-    3.20 

9-6572317 

276'.5 

10    43 
10    37 

0 

33. s 

228 

8 

13 

45-59 
47.81 

144.88           4"  o- 19 

0.00 
-       53- 18 

-    1.43 
+    4-63 

0.0043833 

-    3J".27 

288.27    -  13   43.45 

1848. 
Nov.    8 

33     16 

31 

46 

39 

5-25 

906.39     -f    0    49.79     4-    XII. 29 

—  20.42 

9.4968828 

3.6\7 

23       7 

33         I 

0 
233 

47 

>3 
34 

37-74 
32.49 

150.89 

+  0.30 

0.00 
4-     1 I I . 29 

-  6.79 

-  13-63 

9.9955213 

-    84".75 

755.50 

4-   0   49.49 

1848. 
Nov.   9 

4     39 

31 

48 

0 

33-9« 

909.91 

4-10   50.18  1  4-    1x1.76 

-  20.49 

9.4960434 

337M 

4     30 
4     34 

0 
33.9 

47 

27 

9.84 

150.92 
758.99 

4-  0.35  ■        4-O.OI 

-  6.74 

-  13-75 

9-9954983 

• 

-    85".20 

+ 

33 

24.07 

4-  »o    49.83      4-     "'75 

1861. 
Nov.  It 

17     24 

31 

49 

2X 

10.60 

912.72 

4-  19    35.88  ;  4-    112.00 

4-   9  01 

9-4953715 

337'-4 

1 

17     15 
17      9 

0 
33.6 

49 

50 

54  92 

151.06               —  0.29 

0.00 

-     4-6o 

4-  13-61 

9  9952807 

-    85".52 

1 

. 

29 

44  32 

761.66 

4-  »9   36.17 

4-      112. 00 

1 

1861. 
'  Nov.  II 

31       34 

21 

50 

33 

6.25 

9«5.»5 

4-  27     4.03 

4-    112.17 

+    9-03 

9  4947957 

337V6 

1 

31       15 
21         9 

0 
23.4 

50 

0 
21 

59-14 
7. XI 

151.07 

-  0.30 

Tj.oo 

-    4-57 
4-  13-60 

9.9952642 

-    85".84 

764.08  i  -f  27      4.33 

4-    112.17 

1868. 
Nov.    4 

»7     33 

21 

42 

48 

9.87 

894.68 

-  29    14.93    4-    109.85 

4-    5-24 

9-4997015 

335'-6 

17     24 
17     18 

0 
24.4 

43 

7 

2.04 

«50.58 
744  10 

4"  0. 14             0.00 
-  29    15.07    4-    109.85 

—    0.98 
4-   6.22 

9-9959840 

-    8j".38 

18 

52.17 

1868. 
Nov.    4 

31       13 

31 

43 

42 

40.19 

897 -35 

—    23       34.03        -}-       IIO.l8 

4-   5-14 

9  4990547 

335'.9 

31          3 

20     57 

0 
34.1 

43 

-f 

x6 
26 

IX. 63 

28.56 

150.59 
746.76 

4-  0.13 

0.00 

4-    110.18 

-    0.94 
4-   6.08 

9-9959683 

-    83".7^ 

—    23       34.16 

1878. 
May     6 

0      9 

31 

235 

M 

45-63 

43981 

4"  12     6.29    —     54.02 

4-    4-«6 

9.6539212 

278'.  1 

0      0 
23     55 

0 
31.9 

325 

47 
33 

59.46 
13.83 

145  09 

—    0.33                        0.00 

-   3-72 
4-    7.88 

0.0040746 

-    33".98 

1              ' 

294.72 

4-  12       6.62  '   —       54  02 

1878. 
'  May     6 

3     24 

21 

225 

38 

33.78 

439.06 

4-    9     »o.95      -       53.92 

• 

-1-   4-17 

9.6543012 

278".o 

1 

3     «5 

*3     10 

0 
23. 0 

335 

55 
17 

5I-I3 
»7-35 

1 45-.  04 
394.03 

-  0.33 

4-   9    IX. 28 

0.00 

-    3.70 

0.0040878 

-    33".93 

-     53.92 

4-   7-87 

1878. 
I  May     6 

»o     54 

21 

336 

33 

30.02 

437.30 

4-   2   27.31     -     53.71 

4-    4.14 

9-6551599 

277*.6 

1 

10    45 
10    40 

0 
22.4 

226 

»3 

59.33 

14505 
393.35 

-  0.99 

4-    a    37.60 

0.00 

-    369 

0.0041188 

-    33".72 

+ 

«9 

20.69 

-     53.71 

4-   783 

1881. 
,  Nov.    7 

10    37 

21 

45 

9 

7-39 

900.91 

—  *3      5.83     4~     110.65 

-     3-20 

9-4981949 

336*.2 

1 

10     18 

0 

45 

4« 

3-73 

150.76 

—  0.28                0.00 

4-    9  23 

9-9957346 

-    84".n 

10     12 

23.8 

— 

3« 

56.34 

750. X5 

-   »3       5.55      4-     110.65 

-   12.43 

- 

1881. 
'  Nov.    7 

12       9 

31 

45 

34 

39.92 

902.05 

-     9     57.68^      \-     110.79 

-     3.«i 

9-4979094 

336'.3 

1 

12      0 

0 

45 

45 

19.96 

150.70                   —   0.28                -j-O-OI 

4-   927 

9.9957273 

-    84".25 

1 

• 

»«     54 

23.7 

— 

10 

40.04 

75I-.35      -     9     57-40  ^  -f-     110.78 

—  12.40 

188 1. 
Nov.    7 

»5     45 

21 

46 

28 

51-87 

90456 

1 

—    3    18.38  !  4-    iii.xo 

-    3-18 

9-4973155 

336».6 

»5     36 

0 

45 

54 

23.53 

150.77                —  0.25  ^              0.00 

4-   9.26 

9.9957120 

-    84".57 

15     30 

234 

-f 

34 

29.35 

753-79  1   -     3     »8,i3  '  +     111.10 

-  12.44 

■ 

_ 
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§4. 

Computation  of  tabular  times  of  contact  and  other  quantities. 

In  order  to  afford  the  most  convenient  method  of  introducing  any  necessary  cor- 
rection, the  principal  numbers  which  occur  in  computing  the  tabular  times  of  contact 
and  other  elements  from  the  preceding  formulae  are  shown  in  the  following  table. 
Only  those  lines  in  which  the  results  are  completely  carried  out  are  to  be  regarded  as 
definitive;  the  others  were  provisional  computations  made  for  the  purpose  of  approxi- 
mately determining  the  tabular  times.  They  are  inserted  to  make  more  easy  the  dis- 
covery of  accidental  errors,  or  the  introduction  of  any  changes  in  the  elements. 

The  second  column  of  the  table  gives  the  assumed  times  of  computation. 

Column  Jt  gives  the  computed  coirection  to  the  assumed  time. 

Column  /  gives  the  definitive  Greenwich  mean  times  of  geocentric  internal  con- 
tact thus  obtained. 


1 

Date. 

G.  M.  T. 

1 

r 

1 

c 

fO 

Jt' 

t 

A 

D 

K 

( 

1677.      ' 
Nov.    6 

h           1 

21.55        1 

1 
2080.73 

/<        1 
2087.26 

0 

1       II 

I 

h 

h      m      t 

t 

i 

0     » 

1 

21.55868 

2080.75  ' 

2080.83 

186 

32     5»-9 

-}-   .00011 

31     33     3»-6 

+     7-483 

-    42.784 

316    7 

350 

1 

21.70 

2080.89 

» 976  39 

1 

1 

Nov.    7 

2.80 

2086.29 

2083.60 

1 

1 

1 

2.80371 

2086.27 

2086 . 36 

336 

45     37.1 

—    .00012 

2     48     12.9 

+  36.673 

+     34  035 

146  53 

30.0 

30 

2086.48 

2232.72 

, 

16^. 
Nov.    9 

«9  44813 
19-45 

2094.16 
2094. 16 

2094.25 
2095.18 

301 

32   44  8    ; 

1 

-I-     00018 

19     26     52.6 

+     59  53» 

-f     35.353 

183    4 

15.8 

1697. 
Nov.    2 

»9- 71345 

2067.27 

2067.42 

33 

1 

45     23.6     i 

—    .00027 

»9     42     47  4 

—     15.010 

+     55.233 

124  56 

1 
57  8 

»9-7275 

2067 . 30 

3075.32 

1 

1 

»723- 
Nov.    9 

2-444»7 

2082.33 

2085 . 50 

2.44846 

2082.32 

2082.43 

192 

55     49-3 

+   .00015 

2     26     55.0 

+       2 • 750 

-     44.910 

315     >6 

1.8 

1736. 
Nov.  10 

21.00 

2092.37 

2161.56 

21 .  17416 

2092.55 

2092.69 

232 

27     32.1 

-}-   .00037 

21     10     28.3 

-     48.541 

-     70.136 

3<H     i» 

37.3 

21  .2J 

2092 . 56 

20S3.03 

• 

' 

1 

23.80 

2095.05 

2088.66 

23.81727 

2095. to 

2095. 19 

t     290 

58       7-2 

—    .00024 

23     49       >-3 

f     8i>.4io 

f     36.657 

210     14 

38.0 

24.00 

2095.24 

2:68.08 

1 

1740. 
May     2 

9  69773 
9-73333 

"73-38 

»»73  36 

»»73  35 
1169.75 

260 

30     37  0 

—    .00039 

9     4»     SO  8 

-  364.643 

1 
-   »59-533 

357     39 

4a  4 

1743- 
Nov.    4 

20.23333 

2063.79 

2068.00 

• 

20.23>QO 

2063.80 

2063.90 

^M 

19     42.0 

4"  .0J016 

20     14     24.2 

4-    43. «3' 

-     38.145 

335     38 

18.5 

20.36667' 

^    2063.95 

'985-47 

Nov.     5 

0.75-^10 
0.8 

2«j69.I4 
2069 . 20 

2069.34 
2099.52 

25 

1 

48.  35  4 

—      .<XXJ32 

0    45       6.4 

-       6../>6 

+     50.749 

128       4 

20.5 

May     5 

2-2.09417 

1158.64 

»»57-5^» 

1 

• 

22.09775 

1158.64 

1158.60 

18 

5«     35-2 

-f     .0(X)i4 

22     5       52 . 4 

—     60.511 

-1-     89.911 

335       4 

38.0 

•756. 
Nov.    6 

13.45828 

«3-5 

^"73- 7 t 
^>7.J-75 

2073.85 

2<.>42  .  (M) 

\G^ 

4        1.0 

-f"     .OiJ<»lg 

«3     27     30.5 

-f     19.008 

-      .37-733 

321     10 

35-8 

18.89248 

2079.72 

2079 . 76 

354 

9     52.7 

—     .UOO06 

»8     53     .^2-7 

■  +     15-630 

-1-     39.040 

>39    40 

30.0 

18.9 

2079.73 

2085.58 

1 
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Computation  of  Tabular  Times  of  Contact,  etc. — Continued. 


Datr.     I    G.  M.  T. 


C 


CD 


M 


t 


1769. 
JSov.    9 


1782. 
Nov.  12 


1786, 
May     3 


1789. 

AOV.      5 


,1799- 
May     6 


Mity     7 


1802. 
Nov.    8 


1822. 
Nov.    4 


I 


1832. 
May     4 


May     5 


1845. 
Mav     8 


1848. 
Nov.    8 


Nov.    9 


1S61.    ; 

Nov.    4  I 


h. 

7.36667 

7  37836 

ia.15 
12.16505 

3.69933 
2.7 

I 
3.83665  I 
3.85    i 

4-0     I 

I 

15.0     I 
15.00755  i 

i 

I 
20      I 

I 
30.35    I 

ao. 35106 

0.88513  I 
0.91667  I 

I 
5-7  I 
5-73863  I 

I 
21.16260  ^ 

21.16667  I 

I 
4-33333  I 
4-5  ' 
4-5»o.6  ' 

I 

23.68581  ' 

23-75    I 

I 

»3-05    \ 
13.06240  ' 

I 
»5-75  I 
15-75407  I 

I 
21.0     I 

2 1 . 06294  I 

I 
3-75  j 
3.83183  I 

3.85    I 

4-33333  I 
4-40385  j 

I 
10.82597  I 

10.86667  , 

I 
23.««»74 

23. 1 1667 

4 ■ 46797 
4-5 

«7-25 
»7-339»3 
J7  35 


2083. 78  I 
2083.80  , 

2088  70  ' 
2088.73  i 

I 

ao94-55  \ 
2094.54  I 

2095.63 
2095.62  I 
2005.77  I 

"72-39  i 

1172.39  I 

I 

1169.5^  I 
1169.37  I 
1169.37  I 

2065.05  1 

2065. 10 

I 

1 
2070.71 

2070 . 75 

1160.86  , 
1160.86 

1157.21 

»'57-U 
"57->2  , 

I 
208 1 . 16 
2081.22 

I 
2057.08 

2057.09 

1 

2060.42  I 

2060.40  I 

I 
1171.02  I 

1170.99 

1167.30 
1167.26 
1167.25 

I 
1159.06 

1159.02 

1 

H55-74 
»'55-78 

2076.68 
2076.68 

2t.)8y.5^ 

2082.53 

I 

I 
2086.77 

2086.87 

2086.87 


II  '  O  I  II  ^ 

2091.81   I 

3083.88  '  199  42  4.4   4-  .00012 
2078.58  , 

3088.80    323  38  41.7  o 

I 

1  I 

2094.64  I  249  35   2.5    -f-  •oor)56 
2094  53  1 


h      m      8 


D 


K 


e    /    /' 


7  22  42.5  I  —   2.708  I  —  47.375    314  15  26.4 


12   9  54.2 


-f  35-832  '  -f  30.774    156  35  36-8 


2  41  59.6   —  153.342   —  126.609    294  58  36.8 


2095.74  I  273  51  35.8  ^  -  .00067  I    3  50   9-5  I  -f  183.090  I  -f  71.046    261  44  59.8 

2097-94  ,  I  '  I 

2126.10  I  ' 


"7390  I 

1172.36   237   8  38.0 


—  .00015  '   15   o  36.6  I  -  143.233  I  —  57.709    183  48  35.3 


20   31    0.5 


o  53   7-4 


1100.39  ' 

1169.11 

1169.33   323  26  16.9    -{-  .00020 

2065.22   144  24  43.0  I  -|-  .00025 
2044.02  I 

I 

2044-75  I  I 

2070.83  I   18  43  56.1    —  .00059  '    5  44  16.9   —   1.06a 


-f  48.909  I  -f  X46.747 


4-  36.719  -  30-583 


2081.27   348   I  27.1 

I 
2130.34 


—  .00014  I   23  41  8.4 


2061 , 79  I 

2057.19  I   III   1  36.4  ,  -\-   .00027  I   13   3  45-6 


2059.01  ' 

2060.51  I    52   3  34.6 


—  .00030   "15  45  13.6 


—  46.918 


1187.22  I 

1171.00      321   12   36.6    -\-    .00004  !    21    3   46.7 

I 

"46.37  I 

1167.22  I    339   28   19.6  '  -\-    .00016       3   46   55.2 

1171.86  I 


1176.05  I  I 

1159.06  155       5     31.7  I     -f   .0CJ021   '         4     24     14.6  I  -f     18.948 


i».S5-75  I  45     54     45-2  j     -f   .00017 

1165.48  ^  I 

I  I 

2076.80  181     21       111     -\-     00016 

2073.08 


2^>82.64  ,   341  55  25.0 

2I(/).87  : 


2'37-»o  ,  I 

2086.98    214  40  10.0   -f-  .00019 

2080.87  ' 


17  20  21.6  I  —   17.759 


54.320 


30s  59  46.3 
331  to  35.5 


+  47-533    130  57  35-8 


1160.82  I   169  25  13.2    —  .00014    21   9  44.9  I  —  11.421  I  —  113.907    136   I  17.7 
1159.70  I 

1108.73  I  J 

"54-25  I  ! 

1157.08     31  33   3.6  I  -f-  .00014  I    4  30  37.8   —  81.868  j  -f-  80.965    332  31  13.2 


-f  19.307  !  -f  37.377    142  53  56.2 


-f  83.288  I  -  33.555     37  54  34.8 


-f-  73.728  ,   1x9  26  ao.o 


—  100.187   —  70.782    156  49  50.0 


-f   7-2a8  I  -|-  133.242    311  39  19.2 


-  129.984    132  50  37.3 


»o  49  34-»  ,  -  111-496   -}-  70.94»    344  53  45-» 


23   6  42.8  '  4"  10.624  I  —  41.384    319  15  36.6 


00016     4  28   4.1  I  H-  23.041   -f-  35  778    ^46  20  57.9 


11  24  25.7 


*• 
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Computation  of  Tabular  Times  of  Contacty  etc, — Continued. 


Date. 

G.  M.  T. 

A. 

r 

c 

It 

Od           1 

Jt 

h 

t 

A 

J. 

13 

0 

K 

1 

i86i. 

0 

1 

/           n 

h 

m 

s 

s 

// 

Nov.    4 

21.3 

2090.85 

2090.71 

1 

21.3CX>43 

2090.85  1 

2090.96 

308 

46     49.7   I 

—     .00019 

21 

18 

0.8 

-f 

49.718 

+ 

27.464 

173 

0 

20.0 

1868. 
Nov.    4 

! 

17.46188 
17.46667 

2058.08 
2058.09 

2058 . 19 
2055.86 

121 

51       3-2   1 

-j-    .00023 

17 

27 

43-6 

+ 

61.705 

23.889 

357 

34 

42.6 

20.99953 

2062. 41 

2062.53 

41 

M     33  4 

—     .00025 

20 

59 

57^5 

— 

25-448 

+ 

60.664 

"3 

58 

43-5 

21.0 

2062.43 

2062 . 76 

I 

1878. 
May     6 

325 

3  26833 

»o  73233 
»o  75 

1169.48 
1169.47 

1165.36 
1165  35 

1174.68 
1169.52 

1165.04  ' 
1170.02 

207 

1 
58.6 

•                •                •                ■ 

-f-    .00018 

4-  .00114 
—  .01649  ' 

•        • 

3 

16 

i 

•           • 

6.6  1 

— 

74  94 

— 

81.96 

229 

30 

' 

■ 

i 

1 

! 

352 

45-2           1 

10 

44 

0.5 

— 

17.26 

+ 

110.13 

2x9 

It 

1881. 

Nov.    7  1 

10.3 

2067.97 

1 

2071. 12 

1 

1 

i 

10.30411 

2067.98 

2068.10 

157 

41       16. 2 

-}-  .00021 

10 

18 

»5-54 

1 

+ 

26.458 

— 

34-773 

326 

16 

50.0 

1 

15-59374 

2:174.06 

2074.13 

5 

30         0.3 

—  .00005 

15 

35 

37-3  1 

+ 

8.163 

+ 

42.705 

136 

42 

>7.4 

15.6 

2074.08 

3078.81 

1 

i 

Special  Computation  of  Transit  of  lySi  for  Paris  and  Catnbridfje. 

PARIS. 


Date. 

G.  M.T. 

r-f^r 

c 

CO 

M 

t 

;    1782. 

Nov.  12 

h 

2 . 64928 

2094.50 

n 
2094.55 

0 

30 

ft 
39 

h 

4-  .00032 

h 

2 

m 

38 

9 

58.6 

3.88312 

2095.67 

2095.63 

274 

55 

32 

-{-  .00025 

3 

53 

O.l 

3.99366 

2116.92 

2116.98 

277 

II 

8 

—  .00030 

3 

1 

59 

36.1 

i 

CAMBRIDGE 

• 

Nov.    12    ' 

2.67479 

2094.49  1 

• 

2094.56 

248 

52 

53 

-f  .ooo|4 

2 

40 

30.8 

3.87940 

2095 . 66     1 

2095.71 

274 

40 

29 

-f   .00032 

3 

52 

47.0 

1 

3.99210 

2116.92 

2116.94 

276 

59 

6 

—    .00010 

3 

59 

31-2 



_    _     _ 



§5- 

Symbolic  corrections  to  tJie  tabular  relative  positions  of  Mercury  and  the  earth  in  ter^ins  of 

corrections  to  elements. 

We  next  require   the  change  in  the  time  of  geocentric  contact  produced   by 

clianges  in  the  elements.     If  we  first  take  as  the  co-ordinates  for  tlie  position   of 

Mercufy, 

0,  the  longitude  of  its  node ; 

u^  its  argument  of  latitude; 

/,    the  inclination  of  its  orbit ; 

we  shall  have  tlie  foUowiuir  values  of  /  and  b  : 


/    =0  +  n, 
sin   b  zz.  sin  i  sin  a 
where  tan  ?/,  zz  cos  /  tan  u 


(0 
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COS     il 

Hence  differentiating  und  substitutinor  for  — 2~   its  value,  sec*'  6, 

^  ^         cos   il  '  ' 

5/  zz  59  +  cos  i  sec^  h  Sti 
Sb  zz  sin    i  ^ic  I  cos  ti  6u 

Owing  to  the  minuteness  of  the  latitude  during  a  transit,  we  may  put  sec  h  :=  i.     We 
then  have,  with  sufficient  approximation, 

5/  zz  5/9  4-  cos  i  Su 
db  zz  sin  i  cos  u  Su 

We  need  not  vary  i  because  it  cannot  be  corrected  from  transits. 
From  the  equations  (i)''  of  §  i  we  have 

c  z=.(l  —  V)  cos  CO  -f-  (•&'  —  b)  sin  oo. 

The  earth's  latitude  b'  may  be  assumed  as  so  well  known  as  not  to  need  correc- 
tion.    So,  differentiating  this  last  equation,  we  have 

Sc  zz  cos  OD  (61  —  61')  —  sin  od  8b 

Substituting  for  61  and  6b  their  values  just  given 

6c  zz  cos  CO  (69  —  61!)  +  (cos  co  cos  i  —  sin  gd  sin  i  cos  u)  6u 

During  a  transit  at  the  ascending  node  (a  November  transit)  the  value  of  u  must 
be  contained  within  the  limits  ±5°)  and  during  one  at  the  descending  node  (a  May 
transit)  within  the  limits  i8o^  dz  3°-  We  may  therefore  suppose  cos  u  equal  to  +  i 
during  a  November  transit,  and  to  —  i  during  a  May  transit. 

The  preceding  expression  will  thus  become : 

6c  zz  cos  GO  (69  —  61')  -\-  cos  (oo  -f-  i)  6u  for  November. 

6c  iz  cos  CO  (69  —  6t)  -|-  cos  (co  —  i)  6u  for  May.  (2) 

We  have  next  to  express  6ti  in  terms  of  the  corrections  of  such  of  the  elements 
of  the  orbit  of  Mercury  as  admit  of  correction  from  observed  transits.  We  shall 
however  first  transform  the  equations,  so  that  the  longitude  in  orbit  shall  enter  instead 
of  w,  putting 

V,  the  longitude  in  orbit,  counted  from  a  departure  point  in  its  moving  plane. 
We  shall  then  have 

6u  ^1  6v  —  cos  169 

Substituting  this  value  of  6u  in  (2) 

6c  zn  {cos  GO  —  cos  i  cos  (co  -{-  i\  69  —  cos  go  61'  -\-  cos  (go  +  i)  6v 
zz  sin  (go  +  i)  sin  i  69  ^  cos  go  61'  +  cos  (go  +  i)  6v 

in  which  i  is  to  be  taken  positive  in  a  November  and  negative  in  a  May  transit. 

The  coefficients  of  61^  and  61'  are  so  nearly  identical  that  separate  values  of  these 
quantities  cannot  be  obtained.  Indeed,  it  is  evident  that,  since  the  phenomena  depend 
only  upon  the  relative  positions  of  the  earth  and  Mercury,  it  is  not  possible  to  obtain  the 
absolute  position  of  either.     We  may,  in  fact,  express  the  last  equation  in  the  form 

6c  zz  sin  (go  -f-  i)  sin  t  (69  —  61')  +  cos  (go  +  i)  (6v  —  cos  i  61')  (3) 
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Supposing  the  corrections  50,  Sl\  and  v  constant,  we  could,  from  a  system  of 
equations  of  this  form,  obtain  vahies  of  the  two  expressions  39  —  61'  and  Sv  —  cos  i  Sl\ 
When,  from  other  data,  the  value  of  St  is  found,  its  substitution  will  give  the  required 
values  of  Sd  and  Sv. 

Since  observations  of  contact  give  only  the  time  when  the  relative  position  of  the 
bodies  have  a  certain  relation  to  their  semi-diameters,  namely,  the  moment  at  which 
c  —  r  1=  o,  it  is  necessary  to  include  dv  as  well  as  Sc  in  the  equations.  An  approxi- 
mate value  of  r  from  tlie  equation  (3)  of  §  4,  is,  for  internal  contact, 

v=  —    , 

r  r 

R  and  R'  being  the  angular  semi-diameters  of  the  sun  and  Mercury  at  distance  unity. 
We  have  by  differentiating  this  expression 


\r      r  /  r 


<SR, 


or  reduced  to  numbers 


)  (4) 


FOR  A  NOVEMIiKR  TRANSIT, 

(5r  =  2.18  (5R'  —  3.19  (JR 

FOR  A  MAY  TRANSIT, 
5r  =   1.22  (JR'  —  2.2  1    8\l 

For  external  contacts  we  have  only  to  change  the  sign  of  5R,  obtaining 

6y  =  2.18  SK  +  3.19  SR 

6r  =  1.22  SR  +  2.21  SR  ^5^ 

In  the  equation  (3)  the  absolute  residual  is  Sc,  or  tlie  correction  to  tlie  tabu* 
lar  distance  of  centers.  But,  in  practice,  it  may  be  more  convenient  to  make  use  of 
times  of  contact.  The  equations  (i)''  give,  by  differentiation,  and  omission  of  the 
change  in  b\  which  is  insensible. 


zz  cos  Q)  I    ,  __   ^^    I  —  sni  CO   J. 
(It  \  ft       (If  /  (It 


So  near  tlie  node  as  a  transit  of  Mercurv  can  be  observed  we  mav  ])ut 


(U      (Jr 
,  —  -      cos  I 

(It    (It 


(Ut       (Iv    . 
.    zz    ,    sm  I 
(It        (It 


which  will  give 


(Ir  .^  (Iv  (W 

dt  =  *''^«  ^"'  +  '^  <it.  -  '''^ '"  dt 
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i  being,  as  before,  positive  at  the  ascending  node  (November)  and  negative  at  the 
descending  node  (May).     Since 

at 
the  correction  to  the  tabular  time  would  be  expressed  by  the  equation 

(     cos  (go  +  i)    ^J  —  cos  CO  J    \st  z=L  sin  {go  +  i)  sin  i  {69  —  dV) 
9  +  cos  (go  +  i)  (^v  —  cos  i  SI) 

A  somewhat  more  elegant  form  might  be  given  this  equation  by  dividing  it 
throughout  by  cos  (go  +  i),  but  since  the  probable  errors  of  observations  should  be 
referi'ed  to  the  distance  of  centers  rather  than  to  the  time  we  shall  retiiin  it  in  its 
present  form. 

From  the  tables  of  heliocentric  positions  to  be  given  hereafter  it  will  be  seen  that 

fit) 
the  values  of  —  for  a  November  transit  range  between  901"  and  925"  per  hour,  the 

at  ,  ^  • 

mean  value  being  913".  By  adopting  this  mean  value  as  applicable  to  all  the  No- 
vember transits  we  shall  nearly  always  have  the  correct  value  of  the  co -efficient  within 
one  hundredth,  and  as  the  errors  of  Leverkier's  tables  can  scarcely  ever  exceed 
20  seconds,  and  the  necessary  probable  error  of  all  contact  observations  is  an  entire 
second  or  more,  we  may  use  this  mean  value.     For  the  same  reason  we  may  use  441" 

as  the  value  of  -^-  for  all  May  transits.  Using  also  the  mean  values  for  the  sun's 
change  of  longitude,  and  reducing  the  unit  of  time  to  seconds  we  shall  have 

FOR  A  NOVEMBER  TRANSIT, 

(o''.2  53  COS  (go -}- i)  —  o'\o^2  COS  00)  St  zz  sin  (Go-\-i)  (Sd  —  SV)  sin  i 

+  cos  (go  +  i)  (Sv  —  cos  i  SI') 

FOR  A  MAY  TRA^SIT, 

(o'^  122  cos  (o)  —  i)  —  0^.040  cos  go)  St=.%\n  (go--  i)  (SO  —  SV)  sin  i 

+  cos  (go  —  i)  (Sv  —  cos  i  SI') 

When,  instead,  of  Scj  we  use  Sc  —  5r,  as  we  should,  we  add  Sv  (4)  and  (4')  to  the 
second  member  of  the  equations,  obtaining 

FOR  A  NOVEMBER  TRANSIT,  INTERNAL  CONTACT, 

(o''.253  cos  (go  +  i)  —0^.042  cos  go)  (S<zz sin  (go  +  i)  (SO  —  SV)  sin  i 

+  cos  (go  +  i)  (Sv  —  cos  i  SI') 
+  2.18  (SR'- 3.19  (5R  ^^ 

(S9~sy)s\ni 

A.  P.,  PART  VT 11 
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FOR  A  MAY  TRANSIT,  INTERNAL  CONTACT, 

(o".i22  COS  (co  —  i)  —  o''.040  COS  cd)  (Sf  zzsin  (oo  —  i)  (69  —  Sf)  sin  i 

+  cos  (oo  —  i)  (Sv  —  cos  t  dH)       (7) 
+  1.22  (SR'  —  2.21  SR 

For  external  contacts  we  use  the  same  equations,  changing  the  sign  of  the  coeffi- 
cient <5R. 

For  the  value  of  the  inclination  i  to  be  used  we  may  take  7°  o'  throughout 
Moreover,  since  cos  i  differs  from  unity  by  less  than  .01,  we  may  suppose  cos  i  SI'  zn 
Sl\  as  SI'  itself  can  never  exceed  2". 

The  next  step  in  order  is  the  substitution  of  the  elements  of  the  earth  and  Mer- 
cury, and  the  mass  of  Venus  for  the  indeterminate  quantities  in  the  second  members 
of  (6)  and  (7). 


We  put 


g,  the  mean  anomaly; 

;r,  the  longitude  of  the  perihelion  on  the  orbit ; 
Cj  the  Eccentricity ; 
A,  the  mean  longitude  at  any  epoch ; 
S/4^  the  correction  to  the  mass  of  Venus. 

Then,  in  the  case  of  Mercury, 

X        XI  S  I  +  0409  cos  g     +0  104  cos  2g 

ovzi  oA  \        ,  , 

I     +  0.027  COS  3  5^  +  0.037  cos  ^g 

C     —  0.409  cos     g  —  0.104  cos  2/7 ) 
'  (     —  0.027  cos  3 ^  —  0.007  cos  ^g\ 

+  Se  \  1.97  sin     g  +  0.50    sin  2/7 

+    0.13  sin  35r  + 0.104  sin  4,9} 

+  Sfji  (perturbations  by  Venus). 
Also,  for  the  earth, 

SV  znSX'    X(i  +0.033  cos/) 
—  eSir'  X  2  cos  g' 
-\-  Se'     X  2  sin  g 
•+  Sfi     X  (perturbations  by  Venus). 

We  may  put,  for  brevity, 

A  =10.409  cos^  + 0.104  cos  2/7  +  0.027  cos  3^  +  0.007  cos  ±g 
A:— 1.97    sin //  + 0.50    sin  2^  +  0.13     sin  3/7+    0.04  sin  4 (jr 
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and  then  find  h  and  k  from  the  following  table,  which  includes  all  the  values  which 
g  can  have  at  the  time  of  a  transit. 


9 

h 

fc 

0 

135 

— 

0.277 

\      -f 

0.985  1 

136 

— 

0.279 

:  -h 

0.958 

>37 

— 

0.282 

■f 

0.931 

I3« 

— 

0.  284 

+ 

0.904 

'39 

— 

0.286 

+ 

0.877 

140 

— 

0.288 

+ 

0.851 

338 

+ 

0.465 

1.308 

339 

-h 

0.473 

— 

1.260 

340 

+ 

0.480 

1. 211 

341 

■f 

0.486 

1. 160 

342 

-h 

0.492 

— 

1. 107 

343 

■f 

0.498 

— 

1.054 

344 

■f 

0503 

— 

0.999 

345 

+ 

0.508 

0.942 

If  we  also  put 

Pi,  the  periodic  perturbations  of  the  longitude  of  Mercury  by  Venus, 

Pgj  the  same  for  the  earth, 

h\  k\  the  quantities  corresponding  to  h  and  k  in  the  sun's  longitude, 

we  shall  have 


6v 


If  we  also  put 


n  =z 


(i  -\-  h)  SX  —  h  Stt  +  k  Se  +  Fi  Sjn 
(i  +/0  Sr-  h'  S7r'+k'Se'+  P2  S/4 

FOR  A  NOVEMBER  TRANSIT, 

o".253  COS  (o)  +  i)  —  o".042  cos  co 


FOR  A  MAY  TRANSIT, 

n  zz  o''.i22  COS  (ol>  —  i)  —  o".04o  cos  go 

and  suppose  cos  i=  i,  the  general  equations  of  condition  (6)  and  (7)  will  reduce  to 

nSt  zz  sin  (o?  ±  i)  (^^  —  ^l')  sin  i 
+  cos(G?dbi)  {(i  +A)(SA-(i  +h')S\'  —  kSTt  +  h'  TT'  +  kSe  —  k'Se'  +  {Pi^F2)S/i\ 

(1.22J  I2.21J 

If  all  the  unknown  quantities  in  this  general  equation  could  be  independently 
determined  from  transits  of  Mercury,  they  might  all  appear  with  their  secular  varia- 
tions in  the  equations  of  condition.  But,  owing  to  the  fact  that  transits  of  Mercury 
can  be  observed  only  at  or  near  two  opposite  points  of  the  orbit,  only  certain  linear 
functions  of  these  corrections  to  the  elements  can  be  actually  determined  from  the 
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observed  transits.  In  fact,  the  coefficients  h,  k,  h\  and  kf  have  each  nearly  the  same 
vaUie  for  all  the  transits  occurring  at  the  same  point  of  the  orbits.  It  is  therefore 
necessary  to  find  what  linear  functions  of  the  elements  the  transits  actually  observed 
are  best  adapted  to  give,  and  to  determine  these  functions  alone,  leaving  the  elements 
themselves  to  be  subsequently  determined  from  meridian  observations.  The  following 
are  the  expressions  of  Sv  in  terms  of  the  corrections  to  the  elements  of  Mercury  at  the 
times  of  the  several  transits.  An  approximate  weight  is  assigned  to  each,  expressing 
the  suitability  of  the  observations  for  determining  the  value  of  Sv. 


NOVEMBER   TRANSITS. 


4677, 
690, 

697, 
723, 

743, 
756, 

769, 
782, 

789, 
802, 

822, 

S4H, 

861, 

868, 

881, 


6v  = 


1740, 

1753. 
I7«6, 

1799, 
1832, 

1845. 
1878, 


Sv  = 


I  495<5A 

—  o.495«5;r 

—  1.08  id'e 

1-503 

-  0.503 

—  1.002 

1.479 

-  0.479 

—  1. 217 

I  500 

—  0.500 

—  1.032 

1-505 

-  0.505 

-  0.977 

1.480 

—  0.480 

—   1. 221 

1.488 

—  0.488 

-   1-139 

1.498 

—  0.498 

—   1.056 

1.508 

—  0.508 

—  0.940 

1-477 

-  0.477 

—   1.206 

'•493 

—  0.493 

—   1. 102 

1.470 

r—  0.470 

-   1-277 

I -49 1 

—  0.491 

—   1. 112 

1.500 

—  0500 

—   1.027 

1.472 

-  0.472 

—    1.265 

1.483 

—  0.483 

-    1. 185 

MAY    TRANSITS. 

• 

0  722<5A 

+  o.27SSjr 

+  0  975«5e 

0.712 

+  0.288 

+  0.85 1 

0.721 

+  0.279 

+  0.958 

0.712 

+  0388 

+  0.85 1 

0.7.9 

+  0.281 

+  0.942 

0.71 1 

+  0.2S9 

+  0.836 

0.718 

+  0.282 

+  0.926 

Wt.  =  0 

zz  O 
=z  O 


=  o 


2 
2 
2 

2 


Wt.  =  o 

ZZ   2 

•  =  3 
=  3 
=  4 


Corrections  to  the  solar  elements  are  to  be  included  in  each  of  the  equations, 
but  as  their  coefficients  may  be  assumed  constant  for  all  the  transits  at  one  node,  they 
are  omitted  in  the  above  table.  They  are,  however,  included  in  the  following  mean 
values  of  6v  —  cos  i  61'  derived  from  the  tables  above. 

In  the  equations  we  shall  put 

V,  the  mean  value  of  Sv  —  cos  i  6V  for  the  November  transits; 
W,  the  mean  value  of  Sv  —  cos  i  St  for  the  May  transits; 
V,  W,  the  secular  variations  of  V  and  W. 
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We  then  have 

V  =  L^SySX  —  0.4S75W  —  i.i^jSe  —  i  oiSX'  -j-  j.ige'STt'  -\-  i.^Sde',. 
W  =  0.716SX  -f-  o.284<Jw  -{-  o.Sg6Se  —  ogySX'  —  i.i  ic'Stt'  —  i.626e', 

V  =  i487Dt<JA.  — o.487Dt(5a-—  uisyD^de—  i  oiDt(JA'+  LigDjc'tfa-' +  i.58Dt<Je', 
W  =z  o.7i6Dt  SX  +  o.284Dt  Stt  +  o.896Dt  6e  —  0.970,  SX'  —  1. 1  iD, c'Stt'  —  i.62Dt  Se'. 

From  these  values  of  V  and  W  we  have  the  following  expressions  for  dv  —  cos  i  81' 
in  the  several  transits: 


NOVEMBER   TKAN8IT8. 


677, 
690, 

697, 
723. 

743, 
756, 

769, 
782, 

789. 
802, 

822, 

848, 

86j, 
868, 
881, 


60  —  cos  i  61  ^ 


6v  —  cos  i  SI'  z= 


:  V  +  o.cx)85A  —  o.oo85; 

T  +  o,o^6Se 

V  +  0016 

—  0.016 

+  0.135 

V  —  0.008 

+  0.008 

—  0.080 

V  +  0.013 

—  0.013 

+  0.105 

V  +  0.018 

—  0.018 

+  0. 1 60 

V  —  0.007 

+  0.007 

—  0.084 

V  +  o.ooi 

—  O.OOI 

—  0.002 

V  +  o.oii 

—  O.OII 

+  0.081 

V  +  0.02 1 

—  0.02 1 

+  0.197 

V  —  o.oio 

+  O.OIO 

—  0.069 

V  +  0.006 

—  0.006 

+  0.035 

V  —  0.017 

+  0.017 

—  0.140 

V  +  0.004 

—  0.004 

+  0.025 

V  +  0.013 

—  0.013 

+  0.1 10 

V  —  0.015 

+  0.015 

—  0.128 

V  —  0.004 

+  0.004 

—  0.048 

MAY    TRANSITS. 

W  +  0.0065A  —  o.oo6<5- 

Tt  +  0.079^6 

W  —  0.004 

-h  0.004 

—  0  045 

W  +  0.005 

—  0.005 

+  0.062 

W  —  0.004 

+  0.004 

—   0.045 

W  -|-  0.003 

—  0.003 

+  0.046 

W  —  0.005 

+  0.005 

—  0.060 

W  +  0.002 

—  0.002 

+  0.030 

1740, 

1753, 
1780, 

*799, 
1H32, 

1845, 
1878, 

The  rigorous  course  would  now  be,  in  forming  the  equations  of  condition,  to 
transfer  the  small  terms  in  <JA,  Stt,  and  Se  to  the  second  members  of  the  equations, 
and  retiiin  5A,  5;r,  and  6e  in  a  symbolic  form  in  the  solution  But  the  corrections  to  the 
elements  of  Mercury  are  so  small  that  it  can  hardly  be.  practicable  to  determine  them 
without  an  uncertainty  equal  to  their  tenth  part.  Their  coefficients  in  the  equations 
are  always  much  less  than  o.i,  and  it  is  probable  that  in  the  final  values  of  the 
unknown  quantities  these  corrections  would  not  exceed  o.oi.  We  may,  therefore,  in 
the  solution,  neglect  these  small  terms  entirely. 
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The  semi-diameters  of  the  two  bodies  are  also  two  quantities  which  camiot  be 
separately  determined.     If  we  put 

SzudW  —  1.60  5R 

and  replace  5R'by  S  in  the  general  equations  (6)  and  (7)  we  shall  have 

2.18  5R'  —  3.19  (JR  zz  2.18  S  +  0.31  5R 
1.22  SR'  —  2.21  (JR  zz  1.22  S  —  0.26  (JR 

(5R,  the  correction  to  the  semi-diameter  of  Mercury  at  distance  unity,  cannot 
exceed  a  small  fraction  of  a  second,  the  terms  in  SR  may  therefore  be  regarded  as 
insensible,  and  we  may  consider  the  equations  as  determining  S  alone. 

Finally,  we  shall  put,  for  convenience  in  solving  the  equations, 

Nzz(J9 
M  zz:  10  djLi 

The  equations  for  correcting  the  tabular  times  of  contact  will  then  be  : 

FOR  A  NOVEMBER  TRANSIT. 

nSt  zz  sin  (g?  -f  i)  N 
4-  cos  (to  +  i)  y 

+  cos  (g?  +  i)  —  M  (3) 

10 

-  2.2  S 

FOR  A  MAY  TRANSIT. 

nSt  ZZ.  sin  {co  —  i)  N 
+  cos  (g?  —  i)  W 

+  cos  (go  —  i)  —  M  ^^^ 

10 

—  1.2  S 

Here  dt  is  the  diflference  between  the  observed  and  tabular  times  of  internal  con- 
tact.    This  diflference  gives  rise  to  another  question  for  consideration. 

§6. 
Introdtiction  of  a  term  depending  on  hypothetical  variations  of  the  eartKs  rotation. 

In  several  papers  published  in  the  American  Journal  of  Science  and  Arts  during 
the  past  twelve  years  the  author  has  called  attention  to  the  fact  that  the  mean  motion 
of  the  moon  is  apparently  subject  to  certain  inequalities  of  long  period  which  are  not 
accounted  for  by  any  existing  theory.  He  therefore  suggested  that  this  apparent  in- 
equality might  really  be  due,  not  to  the  moon's  motion,  but  to  inequalities  in  the  axial 
rotation  of  the  earth  on  which  our  astronomical  reckoning  of  time  necessarily  depends. 
It  was  pointed  out  that  this  question  could  best  be  settled  by  observations  on  other 
rapidly  moving  bodies,  with  a  view  of  determining  whether  they  also  show  apparent 
inequalities  which  could  be  accounted  for  in  the  same  way.  Eclipses  of  Jupiter's 
satellites  and  transits  of  Mercury  were  especially  suggested  as  suitable  for  this  object. 

l^he  results  of  the  Researches  on  the  Motion  of  the  Moon^  published  in  1878,  were 
such  as  to  encourage  the  belief  that  the  observed  inequality  was  really  in  the  moon's 
motion.     It  was  in  fact  found  that  the  moon's  mean  motion  for  about  250  years  could 
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be  represented  with  approximate  accuracy  by  the  addition  of  a  single  term  with  a 
period  not  differing  greatly  from  300  years.  Since  it  seemed  quite  improbable  that 
the  inequality  in  the  earth's  rotation  should  be  periodic,  the  balance  of  probability 
seemed  in  favor  of  the  inequality  being  in  the  moon  itself.  But  since  theory  had  en- 
tirely failed  to  show  any  such  inequality  in  the  moon's  motion  the  ^estion  had  still 
to  be  regarded  as  unsettled. 

Transits  of  Mercury  have  now  been  observed  for  two  centuries,  and  for  a  century 
and  a  half  the  times  of  contact  may  be  considered  as  determined  within  a  very  few  sec- 
onds. Taking  as  the  standard  of  time  the  earth's  axial  rotation  between  1 750  and 
1850,  and  assuming  that  the  observed  inequalities  in  the  moon's  mean  motion  are  to 
be  accounted  for  by  actual  inequalities  in  the  earth's  rotation,  then  our  measurement 
of  time  would  be  in  error  by  amounts  ranging  from  1 7  seconds  in  one  direction  to  1 7 
seconds  in  the  other  direction  between  1723  and  1881.  Inequalities  of  this  amount 
could  not  fail  to  be  indicated  by  the  preceding  observations  on  the  transits  of  Mercury. 

At  the  same  time,  considering  the  imperfections  of  the  older  observations,  these 
assumed  inequalities  are  not  so  many  times  greater  than  the  possible  eiTors  of  obser- 
vation as  to  make  them  evident  without  careful  treatment  Let  us  then  consider  what 
method  is  best  adapted  to  decide  the  question. 

On  page  266  of  the  Resear cites  on  the  Motion  of  the  Moon  is  given  the  errors  with 
which  the  astronomical  determinations  of  time  must  be  supposed  affected,  in  order 
that  the  apparent  inequalities  in  the  moon's  mean  motion  not  yet  accounted  for  by 
theory  may  be  represented. 

The  following  table  shows  the  amount  of  these  errors  when  interpolated  to  the 
times  of  the  several  observed  transits  of  Mercury. 


'  Year  of 
transit. 

i   At 

8, 

-f  33 

Year  of 
transit. 

1789 

,  ^t 

1677 

-    18 

1690 

+ 

29 

1799 

-  17 

1697 

-f 

26 

1802 

-  16 

1723 

+ 

17 

1822 

-   9 

1736 

-f 

9 

1832 

-   6 

1740 

+ 

6 

1845 

—   2 

>743 

-f 

4 

1848 

0 

1753 

— 

2 

1861 

-f   2 

1756 

— 

4 

1868 

-f  10 

1769 

12 

1878 

+  15 

1782 

— 

n 

1881 

-f  16 

1786  , 

— 

18 

It  is  to  be  remarked  that  these  times  are  subject  to  a  probable  uncertainty  of  two 
or  three  seconds,  arising  from  the  fact  that  Hansen's  tables  have  not  been  directly 
compared  with  observations  of  the  moon  between  the  years  1750  and  1840.  It  is, 
however,  known  that  the  errors  during  this  period  must  be  small,  and  they  have 
necessarily  been  assumed  to  vanish  in  determining  the  value  of  the  hypothetical  error 
of  time. 
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Tlie  most  natural  metliod  of  making  the  required  investigation  would  be  to  form 
two  solutions  of  the  equations  of  condition  aflforded  by  transits  of  Mercury,  one  with 
and  the  other  without  this  hypothetical  correction,  and  to  find  which  solution  gives 
the  smallest  residuals.  But,  in  a  case  like  the  present,  in  which  we  must  not  except  a 
striking  diflference  in  the  magnitude  of  the  residuals,  the  result  of  the  solutions  would 
not  necessarily  be  conclusive.  What  we  shall  do,  therefore,  will  be  to  assume  that 
the  values  of  ^t  should  all  be  multiplied  by  a  constant  factor  A,  and  to  determine  from 
the  equations  of  condition  that  value  of  k  which  best  satisfies  the  observations. 

If  the  hypothesis  of  perfect  uniformity  in  the  earth's  rotation  is  the  true  one,  the 
value  of  k  should  vanish. 

If  the  observed  inequalities  in  the  moon's  mean  motion  arise  from  the  cause  sup- 
posed, the  value  of  k  should  come  out  nearly  equal  to  unity. 

If  k  should  come  out  different  from  either  zero  or  unity  by  an  amount  greater  than 
its  possible* error  it  would  tend  to  show  that  both  causes  might  be  in  operation. 

Closely  associated  with  the  value  of  k  is  another  constant  which  it  would  be  de- 
sirable to  determine.  That  a  tidal  retardation  of  the  earth's  rotation  must  exist  can 
scarcely  be  doubted,  although  no  reliable  estimate  of  its  amount  has  yet  been  made. 
We  must,  therefore,  suppose  that  our  astronomical  measures  of  timg  need  a  correction 
of  the  form  cT^,  in  which  T  is  the  time  reckoned  from  any  standard  epoch  and  c  is  a 
minute  constant.  If  we  seek  to  determine  the  possible  value  of  c  from  transits  of 
Mercury  we  should  introduce  it  into  the  equations  of  condition.  But  it  will  be  noticed 
that  during  the  period  within  which  transits  of  Mercury  have  been  observed  with  any 
accuracy  the  coefficient  k  will  be  of  the  same  general  kind  with  ^,  so  that  k  and  c  c^n 
not  be  separately  determined.  In  fact,  we  shall  find  the  values  of  M  to  be  closely 
represented  by  the  formula 

If,  therefore,  we  should  introduce  c  as  an  additional  unknown  quantity  it  could 
not  be  determined  independently  of  A:,  but  our  equations  would  give  the  value  only  of 
a  linear  function  of  c  and  k.  The  relation  between  the  two  quantities  is  such  that, 
supposing  the  true  value  of  k  to  be  zero,  the  existence  of  a  regular  tidal  retardation 
would  be  indicated  by  a  small  negative  value  of  k. 

§7- 

Numerical  comparison  of  observed  and  tabular  quantities^  with  the  resulting  equations  of 

condition. 

In  the  first  of  the  following  tables  is  given  the  comparison  of  the  observed  and 
tabular  times  of  contacts,  to  be  subsequently  used  as  a  check  upon  the  equations  of 
condition.     The  following  columns  are  the  ones  which  seem  to  need  explanation. 

The  third  column  gives  the  Greenwich  mean  times  of  geocentric  contact  derived 
from  the  observations  already  given  in  Part  I.  Since,  however,  the  time  itself,  as  deter- 
mined from  astronomical  observations,  hypothetically  needs  a  correction  —  kJt^  this 
correction  is  added  symbolically  to  the  observed  time  to  render  it  strictly  compar- 
able with  the  fcibular  time. 
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The  next  column  gives  the  adopted  weight  of  the  observation,  which  refers,  not 
merely  to  the  time,  but  to  the  distance  of  centers.  No  precise  formula  has  been  applied 
in  determining  these  weights  because  of  the  extremely  heterogenous  character  of  the 
data.  As  a  rule,  the  result  of  five  fairly  accordant  and  satisfactory  observations  of 
internal  contact  is  considered  entitled  to  weight  i  But  the  weight  is  not  propor- 
tional to  the  number  of  observations,  but  varies  in  a  less  degree,  so  that  6  is  the  maxi- 
mum weight  for  any  one  transit.  Moreover,  account  is  taken  of  the  skill  of  the 
observers  and  the  general  accordance  and  certainty  of  the  observations. 

Next  we  have  the  tabular  times,  the  computation  of  which  has  already  been  given, 
followed  by  the  symbolic  corrections  produced  by  corrections  to  the  elements. 

Comparison  of  Observed  and  Tabular  Geocentric  Contacts, 

I.-.NOVEMBER  TRANSITS,  INTERIOR  CONTACTS. 


Con- 
tact. 

Date. 

Observed  G.  M.  T.  of 
geoc.  contact. 

Wt. 

h. 

m. 

Tabular  times,  with  symbolic  corrections. 
». 

h. 

m.    i.         i. 

II 

"677, 

Nov.   6 

2X 

34      »     -  33* 

o.x 

21 

33 

31.6 

4- 

x.xN 

r  4-  4.8V 

4- 

6.3M 

[  -  10. 7R' 

+  I5.6R 

III 

«677» 

Nov.    7 

2 

47    27    -  33* 

o.x 

2 

48 

12.9 

— 

«.4 

4-   4 

7 

— 

6.4 

4-  I0.7 

—  15.6 

III 

1697, 

Nov.    2 

»9 

42    53    -  26* 

03 

»9 

42 

47-4 

4- 

4.2 

4-    4 

8 

4- 

1-7 

4-  13-9 

-  20.3 

11 

1723* 

Nov.    9 

2 

26    52    —  17* 

2.0 

2 

26 

55  0 

+ 

>-7 

4-    4 

8 

4- 

5-5 

■—    XI. I 

4-  16.2 

II 

1736, 

Nov.  xo 

21 

xo    30     —     9^ 

x.o 

21 

xo 

28.3 

+ 

8.5 

4-   5 

0 

— 

2.2 

-  21.4 

4-  31-3 

III 

J736» 

Nov.  xo 

23 

46     5>     -     9* 

x.o 

23 

49 

«.3 

— 

8.5 

4-    4- 

5 

+ 

23 

4-   2X.O 

-  307 

11 

"743. 

Nov.    4 

20 

X4     21      -      4* 

1.0 

20 

14 

24.2 

— 

3-4 

4-   4. 

7 

— 

7.0 

-    12. 5 

4-18.3 

III 

«743i 

Nov.    5 

0 

45      5-4* 

»-5 

0 

45 

6.4 

+ 

3  « 

4-   4. 

8 

4- 

7.0 

4-  12.5 

—   18.2 

II 

1769, 

Nov.    9 

7 

22    47    -\-  12^ 

x.o 

7 

22 

42.5 

4- 

2.4 

4-    4 

8 

4- 

6.5 

-  II. 7 

4-  172 

III 

1769, 

Nov.    9 

X2 

9      5X      +   X2* 

0.2 

12 

9 

54.2 

— 

2.6 

+    4 

7 

— 

6.6 

+  11.7 

-  17.2 

III 

1782, 

Nov.  X2 

2 

42      6    +  X7* 

30 

2 

4» 

59-5 

4- 

22.x 

4-    5- 

3 

— 

23.1 

-  49- 5 

4-  72.5 

III 

1782, 

Nov.  12 

3 

49    37    4-  17* 

30 

3 

50 

9-5 

— 

21.8 

4-   4. 

2 

4- 

22.6 

4-48.4 

-  70  9 

11 

1789, 

Nov.    5 

0 

53      2    +  18* 

2.0 

0 

53 

7-4 

— 

2.5 

+    4 

7 

— 

6.3 

-  IX. 6 

4-  17.0 

III 

1789, 

Nov.    5 

5 

44     X2     -f  \Zk 

x.o 

5 

44 

X6.9 

4- 

2.2 

4-   4. 

8 

4- 

6.2 

4-  "-5 

—  16.9 

III 

1802, 

Nov.    8 

23 

4X       5    -f  «6* 

3.0 

23 

4« 

8.4 

— 

0.4 

4-   4. 

7 

— 

X.I 

4-  10.3 

-  15.1 

II 

1822. 

Nov.    4 

«3 

3    42     -h    9* 

0.5 

«3 

3 

45.6 

— 

8.5 

+    4- 

5 

— 

XI. 8 

—    21. 0 

H-  30  7 

III 

1823, 

Nov.    4 

'5 

45     »8    4-    9* 

x.o 

15 

45 

13.6 

4- 

8.3 

4-    4- 

9 

4- 

XX. 9 

4-  21. 0 

-  30.7 

II 

X848, 

Nov.    8 

23 

6    47     -     0* 

5.0 

23 

6 

42.8 

4- 

0.7 

+   4. 

8 

4- 

6.6 

-  10.5 

4-  15-3 

III 

1848, 

Nov.    9 

4 

28      8     -     0^ 

0.3 

4 

28 

4« 

— 

0.9 

4-   4. 

7 

— 

6.6 

4-  IO-5 

-  15.3 

11 

x86x, 

Nov.  II 

J7 

20     16     -     2>( 

0.7 

>7 

20 

X7.9 

+ 

4.3 

+    4 

8 

— 

8.8 

-  14.2 

4-  20.7 

III 

x86i, 

Nov.  IX 

21 

18  .  20      —       2it 

50 

2: 

x8 

16.8 

— 

4.5 

4-   4. 

6 

4- 

8.8 

4-I4.I 

—    90.6 

II 

1868, 

Nov.    4 

«7 

27      0     —  xo* 

0.5 

«7 

27 

43-6 

— 

5.7 

4-   4. 

6 

— 

4.5 

-  15.9 

4-  23.3 

III 

1868, 

Nov.    4 

21 

0      9.8—  xo* 

6.0 

20 

59 

57-5 

+ 

5-4 

4-    4 

9 

4- 

4.4 

-1- 15.9 

-  23.3 

11 

1881, 

Nov.    7 

XO 

18    38     -  itk 

3.0 

xo 

x8 

15.5 

— 

«-3 

4-   4. 

7 

4- 

6.1 

—  10.6 

4-  15-6 

III 

x88i. 

Nov.    7 

«5 

35    54     -  >6* 

3.0 

«5 

L 

35 

37.3 

4- 

X.I 

4-    4 

8 

— 

6.1 

-1- 10.6 

—  15.6 

II.-MAY  Tl 

RANSl 

ITS,  INTERIOR  CONTACTS 

• 

II 

«74o» 

May    2 

9 

43     9-6* 

o.x 

9 

4« 

50.8 

4- 

34. 2N 

4-  xo.4y  4- 

13. 8M 

-  43.6R' 

-  78.9R 

III 

»753» 

May    5 

22 

6      0.5-f-    2* 

x-5 

22 

5 

52.4 

4- 

2.7 

4-  ".9* 

— 

9-7 

4-  16. I 

-  29.1 

II 

1786, 

May     3 

15 

'I  iK'"* 

0.3 

>5 

0 

26.6 

+ 

14.0 

+  "7 

— 

9-4 

—  22.2 

4-  40.2 

III 

1786, 

May    3 

20 

21    27   4-  18* 

2.0 

20 

2X 

0.5 

— 

12.8 

+  13.4 

+ 

9.6 

4-  22.6 

-  40-9 

II 

«799i 

May    6 

21 

9    42     +  17* 

«.5 

21 

9 

44.9 

— 

4.0 

4-   «2.7 

— 

17.X 

-  16.3 

4-  29.5 

III 

«799, 

May    7 

4 

30    32    +  X7* 

2.0 

4 

30 

37.8 

+ 

5-5 

4"    I2.X 

4- 

16.9 

4-16.3 

-  29.5 

II 

1832, 

May    4 

21 

3    30    4-    6* 

30 

2X 

3 

46.7 

4- 

8.2 

4-    «2.0 

4- 

17  4 

-  17.7 

4-  32.0 

III 

183a, 

May    5 

3 

46    40    4-    6* 

30 

3 

46 

55-2 

— 

6.7 

4-  »2.9 

— 

17.4 

4-  17-7 

—  32.0 

II 

1845, 

May    8 

4 

23    50    4-    2* 

4.0 

4 

24 

X4.6 

— 

8.0 

4-  12.9 

— 

6.9 

-  18.5 

4-  33-5 

III 

1845, 

May    8 

xo 

49      7    +    2* 

4.0 

xo 

49 

34.1 

+ 

9-5 

4-  II. 8 

4- 

7.0 

4-  18.5 

-  33-5 

II 

1878, 

May    6 

3 

15     49.2-  X5* 

6.0 

3 

16 

6.6 

+ 

4.6 

4-  12. 1 

— 

X0.2 

- 15.8 

4-28.7 

III 

1878, 

May    6 

xo 

43    4«-2-  X5* 

4.0 

xo 

44 

0.5 

— 

3-2 

4-  12.8 

4- 

10.3 

-1- 16. 1 

-  29.1 
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Comparison  of  Observed  and  Tabular  Cotitacts. 

NOVEMBER  TRANSITS,  EXTERIOR  CONTACTS. 


Date. 

Obaerved  G.  H.  T.  of 
geoc.  contact. 

Wt. 

Tabular  time. 

h.   fit.   i,        t. 

h. 

m. 

«. 

1677, 

Nov.    7 

a    49    33  -  33* 

0.1 

2 

49 

55 

1690, 

Nov.   9 

19    a8    54  -  29* 

0.2 

«9 

29 

35 

i697» 

Nov.    a 

»9    44    39  -  a6* 

0.3 

»9 

45 

'  2 

1736, 

Nov.  10 

^i    5«     50  -     9* 

0.6 

23 

52 

21 

>743, 

Nov.    5 

0    46     54  -     4* 

0.7 

0 

47 

7  • 

1756, 

Nov.    6 

»8     54    34  4-    4^ 

0.3 

x8 

55 

X2 

1       1769, 

Nov.    9 

12    n    26  4"  »a^ 

0.2 

xa 

II 

45 

1       1782, 

Nov.  la 

3    56      6  +  17* 

x.o 

3 

57 

>7 

>789, 

Nov.    5 

5    46      8  +  18* 

0.2 

5 

46 

9 

1809, 

Nov.    8 

23    42    34  -h  »6* 

1.2 

23 

42 

37 

i8aa. 

Nov.    4 

«5    48     13  +    9* 

0.2 

«5 

4« 

37 

1848, 

Nov.    8 

4    29    40         0^ 

0.2 

4 

29 

42 

x86i, 

Nov.  11 

21      20      27    —      2^ 

«.5 

2X 

ao 

>4 

x868. 

Nov.    4 

21      a    33  —  10* 

2.0 

2X 

a 

.V 

1881, 

Nov.    7 
MAY  TR 

X5    37    33  -  «6* 

«.5 

«5 

37 

20 

ANSITS,  EXTERIOR  CONTACTS. 

«753» 

May    5 

22      8    45  +    a* 

x.o 

92 

8 

53 

1786, 

May    3 

20    25      3  4-  tSA 

x.o 

20 

25 

x8 

»799» 

May    7 

4    33    »6  +  «7* 

x.o 

4 

33 

50 

183a, 

May    5 

3    49    52  4-    6A 

1.2 

3 

50 

21 

1845, 

May    8 

xo    52    35  4-    2* 

X.O 

10 

53 

»4 

1878, 

May    6 

10    46    23  —  15* 

1-5 

xo 

47 

a 

TRANSITS  OF  MERCURY,  1677-1881. 


453 


The  equations  of  condition  might  now  be  formed  directly  from  this  comparison. 
But,  in  order  to  secure  the  greatest  amount  of  certainty  in  the  results,  the  absolute 
terms  of  the  equations  have  been  independently  detennined  by  computing  the  values 
of  c  —  r  for  the  concluded  observed  moments.  The  following  table  shows  the  results 
of  the  two  methods  of  determining  these  terms : 

Interior  Contacts. 


NOVEMBER  TRANSITS. 


Date. 


1677 

1697 

1723 
1736 

1743 
1769 

1782 

1789 

1802 
1822 

1848 

1861 

1868 

1881 


Contact. 

n 

nSt 

Co 

ro 
II 

// 

II 

II 

—  0.204 

— 

6.0 

2074. 61 

2080.  77 

III 

+  0.204 

— 

9.4 

2076.  78 

2086.26 

III 

+  0. 157 

+ 

0.87 

2068. 10 

2067.  27 

II 

—  0. 197 

+ 

0.59 

2082.89 

2082. 32 

II 

—  0. 102 

— 

0. 17 

2092. 39 

2092.  55 

III 

-f  0. 104 

— 

1.07 

2094.03 

2095. 10 

II 

—  0.174 

+ 

0.56 

2064.33 

2063.80 

III 

+  0.17s 

— 

0.24 

2068.90 

2069. 14 

II 

—  0. 186 

— 

0.84 

2082.96 

2083.80 

III 

-f  0.186 

— 

0.60 

2088. 15 

2088.80 

II 

—  0.044 

— 

0.29 

2094.32 

2094- 55 

III 

-f  0.045 

— 

1.46 

2094.17 

2095. 62 

II 

—  0.188 

+ 

1. 01 

2066.06 

2065. 05 

III 

+  0.189 

— 

0.92 

2069.58 

2070.  75 

III 

-f  0. 211 

— 

0.72 

2080.45 

2081. 16 

II 

—  0. 104 

+ 

0.37 

2057.46 

2057.09 

III 

-f  0. 104 

+ 

0.46 

2060.86 

2060.40 

II 

--  0.208 

— 

0.87 

2075. 80 

2076. 68 

lU 

-f  0.208 

+ 

0.81 

2083. 26 

2082. 52 

II 

-  0.  IS4 

+ 

0.29 

2087. 17 

2086.87 

III 

-f  0. 155 

+ 

0.50 

2091.34 

2090.85 

II 

-  0. 137 

+ 

6.0 

2063. 97 

2058. 07 

III 

+  0. 137 

-f 

1.63 

2064.04 

2062. 41 

II 

—  0.  205 

— 

4.61 

2063. 34 

2067.98 

III 

-f  0.205 

+ 

3-42 

2077.  58 

2074. 06 

Co— re 


MAY  TRANSITS. 


// 


—  6.16 

—  9.48 
-f  0.83 
-f  0.57 

—  o.  16 

—  1.07 
+  0.53 

—  0.24 

—  o.  84 

—  0.65 

—  0.23 

-  1.45 

-f-  i.oi 

-  1. 17 

—  o.  71 

-f  0.37 

-f  0.46 

—  0.88 

+  0.74 

-f  0.30 

-f  0.49 

-f  5.90 

-f  1.63 

—  4-64 

+  3.52 


1740 

1753 
1786 

1799 
1832 

1845 

1878 


II- 

III 

II 

III 

II 

III 

II 

III 

II 

III 

II 

III 


—  0.028 
+  0.076 

—  o.  055 
-f-  0.054 

—  o.  075 
-f  o.  075 

—  0.069 
-f-  0.069 

—  0.066 
-f  0.066 

—  0.077 
-f  0.076 


2.  19 

0.62 

3.39 
1.02 

1-43 
0.22 

0.44 

1. 15 

1.05 

1.62 

1.79 

1.34 
1.47 


171. 17 

'59-  31 

175- 91 1 

173-45$ 
170.64 

161.09 

156.69 

172. 19 

166.18 

160.64 

153-99 
170.84 

163.84 


"73- 37 
1158.64 

1172.39 

1169.37 

1160.86 

1 157. 12 

1170.99 

1 167. 26 

1 159- 02 

1155-75 
1169.47 

1165.36 


—    2.20 


+ 


+ 


+ 


0.67 

3-52 
1.06 

1.27 
0.23 

0.43 
.18 

.08 

.62 

.76 

•37 
.52 
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Exterior  Contacts. 


NOVEMBER  TRANSITS. 


II 

» 

!   1677. 

nAt  - 

=  -  4.5 

1789, 

iiff< 

=  —  0. 2 

1690, 

-  4-2 

1802, 

0.6 

1697, 

-3.6 

1822, 

-   2.S 

1736, 

3-2 

1848. 

-  0.4 

1743. 

-  2.3 

1861, 

-f-  2.0 

,     >756, 

—  8.0: 

1868, 

-f  0.  I 

,    1769, 

-  3-S 

1881, 

+  2.7 

!     1782. 

-  3-2 

MAY  TRANSITS. 


1753,     nM  = 
1786, 

17991 


0.6 
0.8 
2.6 


1832.     niii 

1845. 
1878, 


—  2.0 

—  2.6 

—  30 


The  quantities  thus  obtained  under  the  heads  n8t  and  c©  —  r©  are  the  absolute  terms 
of  the  equation  of  condition  which  are  next  given.  The  unknown  quantities  which 
enter  into  these  equations  and  the  expressions  for  the  coefficients  have  already  been 
given  in  part  in  §  5. 

The  method  of  forming  the  equations  is  as  follows: 

The  datum  supposed  to  be  given  by  each  tifne  of  contact  derived  from  observation 
is  that,  at  a  cei1;ain  moment  of  apparent  astronomical  time,  the  heliocentric  distance  of 
centers  of  the  earth  and  Mercury  was  equal  to  the  sum  or  difference  of  their  semi- 
diameters.  The  requirement  of  the  equation  thence  derived  is  that,  for  this  same 
moment  when  reduced  to  absolute  time,  the  tabular  quantities,  when  affected  by  the 
proper  symbolic  corrections,  sliall  give  the  same  equaHty.     We  now  have — 

Moment  of  observation,  in  absolute  time,  t^  —  kJt 

At  this  moment,  c  zz  r. 

If  we  put  Co  and  r^  for  the  values  of  c  and  r  given  on  page  454  we  have,  for  the 
theoretical  terms: 

Moment  of  computation,  in  absolute  time,  t^. 

At  this  moment — 


c  zi  c 


u 


+ 

sin 

(a, 

±i)N 

+ 

cos 

(a, 

±i)(V 

or 

W) 

+ 

cos 

(a, 

M 

10 


r  zz  ro  +  2.18  S  for  November 
r  zz  ro  +  1-22  S  for  May. 

To  reduce  the  tabular  value  of  c  to  the  moment  c  —  k^Jt  it  is  necessary  to  apply 


the  farther  coiTCction 


—  nkJt 
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The  quantities  N,  V,  and  W  are  not  constants,  but  are  subjected  to  a  secular 
variation.     We  must  therefore  suppose 

N  =  No  +  N'< 
V  =  V.  +  V't 
W  =  Wo  +  W'/ 

t  being  the  time  from  an  arbitrary  mean  epoch. 
The  equation  c  —  r  m  o  now  becomes, 

FOR   NOVEMBER, 

o  =z  sin  (CD  +  i)  (No  i-  N'O 
+  cos  (CO  +  i)  (Vo  +  Tt) 

m 

P 

+  COS  (cD  4-  i)    —  M 

10 

—  2.18  S  —  nkJt 

+  Co  —  ro 

FOR   MAY, 

o  =  sin  (CO  -  i)  (No  +  N'O 

4.  cos  (CO  -  i)  (Wo  +  W7) 

p 

+  cos  (go  —  i)  —  M 

—  1.22  S  —  nkJt 

+  Co  —  ro 

The  following  explanations  on  special  points  are,  however,  necessary : 

Exterior  contacts. — In  combining  exterior  contacts  with  interior  ones,  it  is  neces- 
sary to  avoid  as  far  as  possible  the  introduction  of  any  possible  systematic  error  aris- 
ing from  the  different  methods  of  observing  the  two  classes  of  phenomena.  Such  con- 
ditions may  be  expected  to  arise  from  the  fact  that  the  external  tangency  of  the  limbs 
cannot  be  really  observed.  The  time  noted  by  the  observer  is  that  at  which  the  notch 
made  by  Mercury  in  the  sun's  limb  became  so  small  that  he  could  no  longer  see  it. 
This  magnitude  is  an  unknown  quantity,  to  be  determined  from  the  observations,  and 
the  functions  of  the  semi-diameters  which  enter  into  the  expression  for  external  con- 
tact must  be  considered  as  entirely  independent  of  that  for  internal  contact. 

Again,  the  magnitude  of  the  notch  when  the  observer  loses  sight  of  it  will  depend 
upon  the  optical  power  of  his  telescope  and  the  condition  of  the  atmosphere.  Now 
the  optical  power  of  the  telescope  has  gradually  improved  from  the  time  of  observation 
of  the  first  transit  until  the  present.  The  magnitude  of  the  last  visible  notch  must 
therefore  be  considered  as  subject  to  a  gradual  variation  during  the  period  of  observa- 
tions of  the  transit.  We  may  without  danger  of  serious  error  suppose  this  change  to 
have  been  proportional  to  the  time.     The  function  of  the  semi-diameters  which  enters 
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into  the  equations  must  therefore  be  supposed  affected  by  a  secular  variation.  Since 
the  time  of  observation  depends  upon  the  optical  power  of  the  telescope,  which  varies 
with  different  observers,  the  question  arises  whether  we  are  to  apply  corrections  de- 
pending on  the  telescope.  This  is  impracticable  in  the  greater  number  of  cases  from 
want  of  the  necessary  data.  Variations  arising  from  diflferences  of  telescopic  power 
must  therefore  be  regarded  as  mergjed  with  the  accidental  errors.  The  question  how 
far  the  accidental  en-ors  of  observation  will  thus  be  increased  is  a  serious  one,  to  be 
settled  only  by  a  companson  of  results. 

It  is  an  observed  fact  that  if  we  reject  those  observations  in  which  the  telescopic 
power  was  insufficient,  or  in  which  the  observer  evidently  could  not  have  seen  the 
smallest  visible  notch,  it  is  found  that  the  discordance  among  the  observations  of 
external  contact  are  not  enormously  greater  than  among  those  of  internal  contact. 
Now,  as  it  cannot  be  supposed  that  the  observations  at  one  transit  are  made  with 
instruments  systematically  different  from  those  at  another  transit,  the  result  is  that  the 
probable  error  arising  from  differences  of  telescopic  power  cannot  be  regarded  as  many 
times  greater  than  the  regular  errors  of  internal  contact. 

It  is  however  proper  to  remark  that  the  weights  assigned  to  the  observations  of 
internal  contacts  in  this  discussion  have  been  below  rather  than  above  that  to  which 
the  author  would  consider  them  fairly  entitled. 

It  may  be  questioned  whether  there  may  not  be  a  similar  progression  in  the 
observations  of  internal  contact  arising  from  differences  of  telescopic  power.  That 
such  a  systematic  change  could  be  found  among  an  infinity  of  observations  cannot  be 
doubted.  But  the  observations  actually  made  do  not  seem  to  aflford  any  sufficifent 
data  for  its  investigation.  As  a  general  rule,  there  appears  to  be  no  marked  diflFerence 
between  observations  at  the  same  transit  made  with  instruments  of  different  powers. 
The  same  thing  may  therefore  be  supposed  true  of  the  earlier  and  later  observations 
of  transits.  The  fact  that  eleven  unknown  quantities  are  already  introduced  into  the 
equations  of  condition  affords  another  reason  for  laying  the  discussion  of  this  ques- 
tion aside. 

But  there  are  two  cases  in  which  a  difference  of  this  kind  is  evident,  the  one  the 

transit  of  1677,  the  other  that  of  1756.  The  time  of  duration  observed  by  Hallky 
seems  to  indicate  that  his  observed  time  of  ingress  was  too  late,  and  that  of  egress  too 
early,  a  circumstance  which  we  may  attribute  to  deficiency  of  optical  power.  This 
diflFerence  is  so  much  more  striking  than  in  the  case  of  the  following  transits  that  the 
equations  of  condition  given  by  Halley's  observations  have  been  combined  into  one 
in  such  a  way  as  to  eliminate  the  semi-diameter. 

The  observations  of  1756,  which  are  also  exceptional  from  the  same  apparent 
cause,  have  been  rejected  entirely. 

Owing  to  the  small  weight  assigned  to  the  observations  of  external  contact,  it  has 
not  been  deemed  necessary  to  form  separate  equations  for  them.  The  coefficients  of 
the  unknown  quantities  have  therefore  been  assumed  to  be  the  same  as  those  corre- 
sponding to  internal  contact. 

If  the  errors  of  Levkrrier's  tables  were  of  considerable  magnitude  this  course 
would  not  be  advisable,  but  since  they  must  be  regarded  as  almost  vanishing  quanti- 
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ties  it  does  not  appear  that  any  serious  error  will  result  from  nmug  the  same  coefficients 
in  the  two  cases.  In  fact,  the  preceding  identity  of  coefficients  supposes  merely  that 
the  tabular  interval  between  external  and  internal  contact  is  absolutely  correct,  a  func- 
tion  of  the  semi-diameter  alone  excepted. 

Two  modifications  have  been  made  in  the  equations  as  thus  derived. 

I.  It  was  long  a  subject  of  embarrassment  what  to  do  witli  Halley's  observations 
on  the  transit  of  1677.  As  already  remarked,  the  two  phases  are  discordant  by  more 
than  a  minute.  To  express  the  result  in  another  form  the  semi-diameter  of  the  sun,  as 
it  would  result  from  his  observations,  is  some  3".5  less  than  its  true  value.  After  much 
consideration  the  conclusion  was  finally  reached  that  this  discordance  was  due  not  so 
much  to  an  error  in  time  as  to  a  personality  in  Halley's  method  of  observing  the  con- 
tact. Accepting  this  hypothesis  the  mean  result  of  his  observations  of  ingress  and 
egress  would  be  correct.  The  difference  of  the  equations  resulting  from  his  two  obser- 
vations was  therefore  taken  as  entitled  to  a  small  weight,  and  the  semi-diameter  was 
thus  eliminated  from  the  result. 

II.  In  assigning  the  relative  weights  given  in  the  preceding  section  no  account 
was  taken  of  the  fact  that  Mercury  is  nearer  tlie  earth  in  a  May  transit  than  in  a  No- 
vember one.  An  error  of  i"  in  the  heliocentric  place  would,  in  November,  cause  an 
error  of  o''.46  in  the  geocentric  place,  and  in  May  an  error  of  o".8o.  Hence  the  helio- 
centric place  can  be  determined  with  more  accuracy  by  a  May  observation  than  by  a 
November  one.  The  weights  of  the  May  transits,  as  given  in  Part  I,  were  therefore 
all  multiplied  by  2. 

III.  In  discussing  the  observations  the  question  what  to  do  with  the  second  con- 
tacts observed  in  1 740  and  1 786  was  laid  aside.  These  observations  were,  therefore, 
omitted  with  the  view  of  seeing  how  they  would  be  represented  by  the  concluded 
theory.  It  would  seem  from  this  that  internal  contact  must  have  actually  passed 
some  time  before  the  moment  at  which  Winphrop  noted  it  as  not  having  occuri'ed, 
and,  therefore,  that  his  observation  is  affected  with  some  undiscoverable  error.  It 
would  also  appear  that  the  second  hypothesis  respecting  the  internal  contact  of  1 786 
is  the  one  to  be  accepted,  but  it  was  not  thought  worth  while  to  re-solve  the  equa- 
tions of  condition. 

The  observations  of  1756  have  been  entirely  dropped,  as  the  weight  to  which 
they  could  be  considered  entitled  is  too  small  to  have  any  influence  on  the  result. 

Equations  of  Condition, 
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II 

wt. 

1677, 

II 

0  =  —  0.  23N0 

-f  0. 33N' 

—  0. 98V0 

4-  1. 40V' 

4-  1.23M 

—   2.  2S 

4-6.7fc 

— 

6.1 

Rej. 

III 

0  —  —  0.28 

-f  0.40 

-f  0.96 

-  1.38 

—  1.24 

—  2.2 

-6.7 

— 

9.5 

Kej. 

1677, 

[I  and  III 

0  =  -|-  0.02 

—  0.03 

-  0.97 

+  1.39 

4-  1.24 

0.0 

4.  6.7 

+ 

1-7 

0-3 

1697, 

III 

0  —  4-0.65 

—  0.80 

+  0.7s 

—  0.93 

4-  0.21 

—   2.2 

-  4.1 

+ 

0.9 

0-3 

1723. 

II 

0  _  —  0. 34 

+  0.33 

—  0.95 

4-  0.92 

4-  1.02 

—  2.2 

+  3-4 

+ 

0.6 

2.0 

1736, 

11 

0  =  —  0. 86 

-f  0.72 

—  0.51 

+  0.43 

—  0.  II 

—   2.2 

4-0.9 

0.2 

I.O 

III 

0  =  —  0. 88 

-f  Or  74 

+  0.47 

—  0.40 

4-  0.  n 

—  2.2 

0.9 

— 

1. 1 

I.O 

»743. 

II 

0  =  -f  0.58 

—  0.45 

—  0.  81 

4-  0.62 

—  0.98 

—  2.2 

-1-0.7 

+ 

0.5 

1.0 

III 

0  =  -f  0. 54 

—  0.42 

+  0.84 

—  0.64 

4-  1. 01 

—  2.2 

—  0.7 

— 

0.2 

1-5 

1769, 

II 

0  =  —  0.45 

+  0.23 

—  0.90 

4-  0.46 

4-  1.08 

—   2.2 

—  2.2 

— 

0.8 

I.O 

III 

0  =5  —  0.49 

+  0.2s 

4-0.88 

—  0.45 

—  1.05 

—   2.2 

4-2.2 

— 

0.6 

0.2 
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Eqtuitions  of  Condition — Continued. 

INTERNAL  CONTACTS  IN  NOVEMBER. 


• 

n 

wt. 

1782. 

II 

0  —  —  0.97N0 

4-0.37N' 

—  0. 23  Vo 

4-  0. 09V' 

—  0.  23M 

—   2.  2S 

—  0. 8fc 

0.2 

30 

III 

0  _  —  0.98 

-f  0.37 

4-  0.19 

—  0.07 

4-  0.19 

—   2.2 

4-0.8 

— 

1-5 

30 

1789, 

II 

0  =  -f  0.48 

—  0.15 

—  0.87 

4-  0.27 

—  1.05 

—  2.2 

-  3-4 

-f 

1.0 

2.0 

III 

0  =  4-  0.43 

—  0.13 

4-0.90 

—  0.28 

4-  1.07 

—   2.2 

-f  3-4 

— 

1.2 

I.o 

1802, 

III 

0  =  —  0.09 

4-  0.02 

4-  1. 00 

—  0. 17 

—  0.23 

—   2.2 

.+  3-4 

— 

0.7 

30 

1822, 

II 

0  =  4-  0. 88 

4-  0.02 

—  0.46 

—  0. 01 

—  0.57 

—  2.2 

—  0.9 

H- 

0.4 

0.5 

III 

0  -  +  0.  86 

4-  0.02 

4-  0.51 

-f  0. 01 

-f  0.64 

—   2.2 

4-0.9 

-f 

0.5 

1.0 

1848, 

II 

0  —  —  0. 14 

—  0.04 

—  0.99 

—  0.28 

-f  1.35 

—   2.2 

0.0 

0.9 

50 

III 

0  _  —  0. 19 

—  0.05 

4-  0.98 

4-  0.28 

-  1.34 

—   2.2 

0.0 

-f 

0.8 

03 

I86I, 

II 

0  —  —  0.66 

—  0.27 

-  0.75 

—  0.31 

—  1.02 

—   2.2 

-f  0.3 

-f 

0.3 

0.7 

III 

0  _  —  0.  70 

—  0. 29 

4-  0.72 

4-  0.30 

4.  0.97 

—    2.2 

0.3 

4- 

0.5 

50 

1868, 

II 

0  =  -f  0.  78 

-f  0.37 

0.62 

—  0.30 

—  0.39 

—   2.2 

H-  1-4 

-f 

5-9 

0.5 

III 

0  =  -f  0.  75 

4-  0.36 

4-0.66 

-f  0.32 

4-  0.41 

—   2.2 

—  1.4 

-f 

1.6 

6.0 

I88I, 

II 

0  =  -f  o-  26 

4-  0.16 

—  0.96 

—  0.59 

-f  1.20 

—   2.2 

+  3-3 

— 

4.6 

30 

III 

0  =  -f  0.  22 

+  0.13 

4-  0.97 

4-  0.59 

N 

—  1. 21 

—  2.2 

—  3-3 

+ 

3-5 

3.0 
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1740, 

II 

0  =.  —  0. 96N0 

4-  0.  77N' 

-  0. 29W0 

4-  0. 23W' 

4-  0.  uM 

—   I.2S 

4-  o.2ik 

— 

2.2 

R«-j. 

1753. 

III 

0  —  4-  0. 20 

—  0. 14 

4-  0.97 

—  0.65 

—  0.  72 

—    1.2 

4-0.2 

-f 

0.6 

3-0 

1786, 

II 

0  _  —  0.  77 

4-  0.26 

—  0.64 

4-  0.22 

—  0.33 

—    1.2 

—  i.o  1 

4- 

3-4  I 
1.0  J 

Rej. 

III 

0  —  —  0.69 

4-  0.27 

-f  0.73 

—  0.23 

4-  0.38 

—    1.2 

4-  i.o 

1 

1-3 

4.0 

1799, 

II 

0  —  4-0-30 

—  0.06 

—  0.95 

4-  0.20 

—  1.22 

—   1.2 

-  1-3 

+ 

0.2 

30 

III 

0  =  4-  0. 41 

—  0.09 

4-0.90 

—  0. 19 

4-  1. 16 

—    1.2 

-f  1-3 

— 

0.4 

4.0 

1832, 

• 
II 

0  =  —  0. 56 

—  0.07 

-  0.83 

—  0. 10 

4-0.99 

—   1.2 

—  0.4 

-f 

1.2 

• 
6.0 

III 

0  _  —  0.46 

—  0.06 

4-0.89 

-f  0.  II 

—  1.06 

—    1.2 

4-  0.4 

I.  1 

6.0 

1845, 

II 

0  =  -f  0. 53 

-f  0.13 

—  0.84 

—  0.21 

-  0.38 

—    1.2 

—  0. 1 

+ 

1.6 

8.0 

III 

0  —  4-0.63 

4-  0. 16 

-f  0.77 

4-  0.19 

4-  0.36 

—    1.2 

-f  0. 1 

— 

1.8 

8.0 

1878, 

II 

0  =  —  0. 36 

—  0.21 

—  0.94 

—  0.54 

-  0.73 

—    1.2 

4.  I.I 

-f 

1.3 

12.0 

III 

0  =  —  0. 25 

—  0. 14 

4-  0.97 

4-  0.56 

4-0.76 

—    1.2 

—  1. 1 

— 

1.5 

8.0 
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> 

II 

Wt. 

1677, 

0  =  — 

0. 28N0  4-  0. 

40N'    4-  0. 

96V0    -  I. 

38V'    -  I, 

.  24M      —   2.  2S 

ii    4-  3.  iS,'   -  6.  7k 

-  4.5 

0. 1 

1690, 

0  =  — 

0. 78       4-  I. 

02 

4-  0. 

63 

—  0. 

82 

—  0. 

02 

—  2.2 

4-2.9 

-  3-9 

-  4-3 

0.2 

1697, 

0  -  + 

0. 65       —  0. 

80 

4.0. 

75 

—  0. 

93 

4-  0. 

21 

—  2.2 

+  2.7 

-  41 

-  3.6 

03 

1736, 

0  =  — 

0.88       4-0. 

74 

-f  0. 

47 

—  0. 

40 

4-  0. 

II 

—  2.2 

4-  1.8 

-  0.9 

-  3.2 

0.6 

1743, 

0  =  + 

0.54       —  0. 

42 

4-0. 

84 

—  0. 

64 

+  I. 

01 

—  2.2 

+  1.7 

-  0.7 

-2.3 

.  «-7 

1769, 

0  =  — 

0.49       4-  0. 

25 

4-0. 

88 

—  0. 

45 

—  I. 

05 

—  2.2 

-f  I.I 

4-2.2 

-  3.5 

0.2 

1782, 

0  =  — 

0.98       4-0. 

37 

—  0. 

19 

—  0. 

07 

4.0. 

19 

—  2.2 

4-0.8 

4-0.8 

-3.2 

1.0 

1789, 

0  =  + 

0.43       —  0. 

*3 

4-0. 

90 

—  0. 

28 

-f  1. 

07 

—  2.2 

4-  0.7. 

-f  3.4 

—  0.2 

0.  2 

1802, 

0  —  — 

0.09       -f  0. 

02 

+  I. 

00 

—  0. 

17 

—  0. 

23 

—  2.2 

4-  0.4 

-f3.4 

—  0.6 

1.2 

1822, 

0  =  + 

0.86       4-0. 

02 

4.0. 

5^ 

4-0. 

01 

4-  0. 

64 

—  2.2 

—  0.0 

4-  0.9 

—  2.5 

0.  2 

1848, 

0  =  — 

0. 19       —  0. 

05 

4-0. 

98 

4-  0. 

28 

—  I. 

34 

—  2.2 

—  0.6 

0.0 

—  0.4 

0.2 

1861, 

0  =  — 

0. 70       —  0. 

29 

4-0. 

72 

4.0. 

30 

-f  0. 

97 

—  2.2 

—  0.9 

-  0.3 

4-2.0 

'•5 

1868, 

0  =  + 

0.  7S       4-  0. 

36 

4-  0. 

66 

4-0. 

32 

4.0. 

41 

—  2.2 

—  1. 1 

-  1.4 

-f  0.1 

2.0 

1881, 

0  =  + 

0. 22       4-  0* 

13 

4-0. 

97 

4-0. 

59 

—  I. 

21 

—  2.2 

1-3 

-  3-3 

+  2.7 

1-5 
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1753, 

0  =  + 

0. 20N0  —  0. 

14N'    4.  0. 

97W0  —  0. 

65W'  —  0. 

72M    —  1.28 

I    4- 0. 881'  4- 0. 2* 

—  0.6 

2.0 

1786, 

0  =  — 

0.69       4-0. 

27 

4-0. 

73 

^  0. 

23 

4-  0. 

38 

•—  1.2 

4-  0.4 

4-1.0 

—  0.8 

2.0 

>799, 

0  -  -f 

0.41       —  0. 

09 

4.0. 

90 

—  0. 

19 

-f  I. 

16 

—  1.2 

+  0.3 

+  1.3 

—  2.6 

2.0 

1832, 

0  —  — 

0.46       —  0. 

06 

4-0. 

89 

4-  0. 

II 

—  I. 

06 

—  1.2 

—  0. 1 

4-0.4 

—  2.0 

2.4 

1845, 

0  =  -f 

0.63       4-  0. 

16 

4-0. 

77 

-f  0. 

19 

-f  0. 

36 

—  1.2 

-  0.3 

4-  0. 1 

-  2.6 

2.0 

1878, 

0  =  — 

0.25       -^  0. 

14 

-f  0. 

97 

4-  0. 

56 

4-  0. 

76 

—  1.2 

-  0.7 

—  1. 1 

-  3,0 

3-0 
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These  equations  of  condition,  wlieu  treated  by  the  method  of  least  squares,  lead 
to  the  following  normal  equations : 

(i)  +  37.809N0  —  OA77W  +  2.817V0  —  0.068V'  +  1.339W0  +  1.025W' 

—   I.O72M  +  IO.380S  +    I.620S1  —   2.O35S/  —  16.549A  -f   7.892  Z=  O 

(2)  —    0.177N0  +  7-57  iN'  —  0.204  Vo  +  1.443  V'  +  1.322W0  +  0.720W' 

+  1.160M  —    7.130S  —  2.104S1  +  0.21 2S/  +  0.066A;  —  2.822  =  o 

(3)  +    2.81 7N0  —  0.204N'  +  33.765V0  +  1.996V'  +  0.000 Wo  +  o   ooW 

—  6.8 1 3M  —  5.346S  —  15.039S1  —  1.008S/  —  19.446*+  27.994  =  o 

(4)  —    0.068N0  +  1.443N'  +  1.996V0  +  10.099V'  +  0.000  Wo  +  0.000  W' 

—  4.072M  —  6.98 1 S  —  0.757S1  —  5.419S/  —  I  i.oooA  +  30.263  zz  o 

(5)  +    1.339N0  +  1.322N'  +  0.000V0  +  o.oooV  +  58.783  Wo  +  10.505  W' 

+  16.728M  —  3.432S  —  1 4. 1 43  Si  — 0.03  7S/  —  2457A;—  80.480  =  o 

(6)  +    1.025N0  +  0.720N'  +  0.000  Vo  +  o.oooV  +  10.505  Wo  +  10.591W' 

+  8.922M  +  6.156S  —  0.221S1  —  2.654S/  —  17.457A;—  28.376  ZZ  o 

(7)  —    1.072N0  +  1.160N'  —  6.813V,  —  4.072V'  +  16.728W0+  8.922  w 

+  88.02  iM  —  28.928S  — 4.599S1  — 0.342S1'  +  27.607A; —  64.899  =  o 

(8)  +  10.380N0  -  7.130N'  -  5:346Vo  -  6.981V'  -  3432W0  -  6.156W' 

—  28.928M  +  307.080S  —  o.oooSi  —  o.oooSj'  —  1 6. 1 20A;  —12.510  =  0 

(9)   +     I.620N0  —  2.IO4N'  —  15.039V0  —  0.757V'  —  14.143  Wo—  O.221W' 

—  4.599M  +  o.oooS  +  67.2 1 2S1  —  0.050S/  +  9.1 74*+  41.002  ZZ  o 

(10)  —    2  035N0  +  0.2 1 2N'  —  1.008V0  —  5.419V'  —  0.037W0  —  2.654W' 

—  0.342M  +  O.oooS  —  0.050S1  +  19.665S/  +  7. 74 1  A;  —  19.601  z=  o 

(1 1)  —  16.549N0  +  0.066N'  —  1 9.446  Vo—  I  i.oooV  —  2.45  7  Wo  —  17.457W' 

*  +  27.607M—  i6.i2oS  +  9.i74Si+  7.741S/ +  308. 208A;— 86.022  z=o 

A.  p.,  PART  VI 13 
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The  solution  of  tliese  equations  gives  tlie  following  values  of  the  unknown  quan 
tities  in  terms  of  k : 


1 

1 

1 

1 

1 

V  allies. 

W 

{k  -  0) 

1 

1 

W 

(A*  iiidetiT- 
iiiiiiatc.) 

1 

Probable  errors. 

A-  —  0       k  —  0.  295 

// 

II 

II 

II 

No 

— 

0.  16  -f 

0.  38A: 

36.7 

,        35.9 

± 

0.    18 

4-0.17 

v„ 

— 

0.90  -f 

o-  Z3^ 

28.6 

28.-3 

+ 

0.  21 

±   0.  19  • 

w. 

— 

+ 

0.84  — 

0.  3ot 

44.0 

43-3 

+ 

0.  17 

4:  0.15 

N' 

— 

+ 

0.28 

0. 37*- 

7.0 

7.0 

rt 

0.42 

-f-0.38 

1 

^ 

— 

2.63  -f 

i.oiA* 

7.8 

'          7.6 

± 

0.40 

4-  0.36 

W' 

— 

-f 

1.84  -f 

2. 38A: 

7.5 

6.3 

i 

0.41 

4-0.40 

M 

— 

-f 

0.  15  — 

0. 43* 

71- 5' 

67.6 

± 

0. 13 

4:  0.  12 

s 

— 

0.04  — 

0. 03A: 

270.3 

270.3 

± 

0.07 

4:  0.06 

s. 

— 

0.64  — 

0.  idk 

55.0 

1        54.7 

+ 

0.  15 

4-  0.13 

S,' 

— 

-f 

0.46  -f 

0.  26k 

'5-7 

15.6 

iJ: 

0.28 

i  0.25 

k 

— 

-f 

0.295 

• 

- 

1 

i  0.065 

The  solution  has  been  so  conducted  as  to  give  separate  results  on  two  distinct 
hypotheses: 

I.  That  the  rotation  of  the  ejirth  is  really  uniform,  and,  therefore,  that  the  true 
value  of  k  is  zero,  and  that  this  quantity  is  to  be  omitted  from  the  equations. 

II.  That  k  has  a  certain  definite  valu(i  to  be  derived  from  the  equations  themselves. 
On  the  first  supposition  there  will  be  ten  unknown  quantities,  and  on  the  second 

eleven. 

The  required  result  has  been  reached  by  solving  the  equations  so  as  to  express 
each  of  the  other  ten  quantities  in  terms  of  k.  The  result  of  omitting  k  is  then  obtained 
by  putting  k  equal  to  zero  in  these  results,  as  above  given. 

The  solution  was  then  continued  so  as  to  obtain  the  most  probable  value  of  k 
itself  The  w"eights  were  then  obtained  separately  on  the  two  hypotheses,  and,  irre- 
spective of  the  probable  errors,  should  b6  a  little  larger  for  the  less  number  of  unknown 
quantities.  On  the  other  hand,  the  probable  error  by  supposing  k  to  have  the  value  of 
0.295  >"*  decidedly  less,  because  the  residuals  are  smaller.  Hence,  on  the  whole,  the 
probable  errors  are  less  when  we  assign  to  k  the  value  given  by  the  equations  than 
when  we  supj)ose  it  to  vanish. 

The  epocli  for  the  variable  quantities  N,  V,  W,  and  Si  is  1820.  For  any  other 
year  Y,  we  have   • 


Wzz  Wo+  W 


,  Y  —  1820 


V  =  V,  +  V 
N  =  No  +  N 


100 

,  Y— _i82o 
100 

,  Y—  1820 
100 
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DISCUSSION  OF  RESULTS. 


Of  results  to  be  derived  from  transits  of  Mercury,  there  are  two  which  outweigh 
all  others  in  importance:  One  is  the  possible  variation  of  the  sidereal  day,  which  has 
been  already  described,  and  the  other  the  discordance  between  the  theoretical  and  the 
observed  motions  of  the  perihelion  of  Mercury.  The  two  questions  thus  arising  have 
to  be  considered  separately,  and  it  will  be  convenient  to  take  up  first  the  question 
of  the  variability  of  the  earth's  axial  rotation. 

Do  the  transits  of  Mercury  prove  or  disprove  the  hypothesis  of  the  variability  of  the  eartKs 

axial  rotation  f 

We  have  made  this  question  depend  upon  the  value  of  the  constant  A',  deduced  in 
the  preceding  sections.  Tlie  evidence  that  we  have  hitherto  obtained  of  the  supposed 
variability  is  found  in  the  discordance  between  the  observed  and  theoretical  mean 
motions  of  the  moon.  As  already  explained,  we  have  so  arranged  the  equations  of 
condition  that  the  hypothesis  of  perfect  uniformity  in  the  earth's  rotation  will  be  rep- 
resented by  k  zz  o,  and  that  of  such  variability  in  the  rotation  as  will  account  for  the 
inequalities  of  the  motion  of  the  moon  by  A;iz:  i.  A  value  of  k  differing  from  either 
o  or  I  must  either  arise«from  the  unavoidable  errors  of  observation  or  from  a  combi- 
nation of  both  hypotheses. 

As  a  matter,  of  fact  we  have  found  A*  zz  +  o.  295.  This  result  does  not  correspond 
to  either  hypothesis. 

To  facilitate  the  judgment  how  far  we  are  to  consider  this  value  of  A:  as  indicating 
a  general  change  in  the  earth's  rotation,  we  present  the  following  values  of  the  resid- 
uals corresponding  to  the  several  cases,  Azzo,  kzzo  295,  and  Azz-f  i.  The  residuals 
are  presented  in  two  forms — those  of  heliocentric  arc  between  the  positions  of  Mercury 
and  the  earth  and  those  of  times  of  contact.  ' 

We  begin  with*  the  former,  and  express  them  as  functions  of  A-,  so  that  those  for 
A  zz  o,  A  zz  o.  295,  and  A  zz  i  can  be  readily  formed.     We  thus  find  the  following  values: 
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Residuals  of  Equations  of  Condition  in  terms  of  k. 

NOVEMBER  TRANSITS,  INTERNAL  CONTACTS. 


1 

1   Year. 

1 

Contact. 

Residuals. 

ifc  =  o 

k  =  0.295 

ik=i 

II 

wt. 

1 

// 

1 

1677 

II  &  III 

—  0. 90  -f  7.  2$k 

—  0.90 

4-  1.24 

4-6.35 

03 

1697 

III 

-f  2. 45  —  4.  26k 

4-  2.45 

4-  1. 19 

—  1. 81 

0.3 

1723 

II 

-  0. 58  4-  3-  38^ 

-  0.58 

4-  0.42 

4-2.80 

2.0 

'     1736 

II 

—  0.47  -f  0. 68A- 

0.47 

—  0.27 

4-  0.21 

I.O 

1736 

III 

—  0.03  —  I.74A- 

—  0.03 

-  0.54 

-  1.77 

I.O   , 

1743 

II 

—  0.68  -|-  1.94A: 

—  0.68 

—  0.  II 

4j  1.26 

1.0  : 

1743 

III 

-h  0.75  -  i.o7fc 

4-  0.75 

4-  0.43 

—  0.32 

'5* 

1769 

II 

—  0. 82  —  2.  7oA* 

—  0.82 

—  1.62 

-  3.52 

I.O 

1769 

III 

—  0. 14  4-  2. 28A: 

—  0. 14 

4-  0.53 

4-  2.14 

0.2 

1782 

II 

-f  0.07  —  1. 13^ 

4-  0.07 

—  0.26 

--  1.06 

30 

1782 

III 

—  1. 12  4-  0. 27*; 

—  1. 12 

—  1.04 

—  0.85 

30    ! 

1789 

II 

4-  0. 88        2. 66A- 

4-0.88 

-i-  0. 10 

—  1.78 

2.0   i 

1789 

III 

-  1. 14  4.  3.23A' 

—  1. 14 

—  0. 19 

4-  2.09 

I.O 

1802 

114 

—  1.09  4-  3.68it 

—  1.09 

0.00 

4-  3-59 

•3.01 

1822 

II 

4-  0.  70  —  0. 42il- 

4-  0.70 

4-  0.58 

4-  0.28 

0.5 

1822 

III 

4-  0.06  4-  I.  i8A- 

4-0.06 

4-  0.41 

4-  1.24 

I.O 

1848 

II 

•4-  1.02  —  I.  i6il* 

4-  1.02 

4-0.68 

—  0. 14 

5.0 

1848 

III 

—  0.92  4-  1.20A: 

—  0.92 

—  0.57 

4-  0.28 

0-3 

1861 

II 

4-  I.  75  4-  0.  Ilk 

4-  1.75 

4-  1. 78 

4-  1.86 

0.7 

1861 

III 

—  0.68  —  0. 27A* 

0.68 

—  0. 76 

—  0.95 

5.0; 

1868 

II 

4-  7.25  4-  I.28A- 

4-  7.25 

4-  7.63 

+  8.53 

0.5 

1868 

III 

•f  0.29  —  0. 83A' 

4-  0.29 

4-  0.05 

0.54 

6.0 

1881 

II 

—  1.92  4-  I.98A- 

—  1.92 

-  1-34 

4-0.06 

3.0 

1881 

III 
M 

4-  0.97  -  I.77A- 
AY  TRANSITS,  IN 

4-  0.97 

TERNAL 

4-  0.45 

—  0.80 

30 

i 

1753 

CONTACT 

S. 

—  1.07 

■ 

III 

4-  0.08  —  1. 15A: 

4-  0.08 

—  0.26 

3.0 

1786 

III 

4.  1.77  —  0.25A- 

4-  1.77 

4.  1.70 

4-  1.52 

4.0  i 

1799 

II 

—  0.43  4-  0. 15A; 

—  0.43 

0-39 

-  0.28 

30 ' 

1799 

III 

4-  0.14  4-  0.31A; 

4-  0.14 

4-  0.23 

4-  0.45 

4.0 

1832 

II 

4-  0.  58  —  0. 97A- 

4-0.58 

4-  0.29 

—  <>-39 

6.0 

1832 

III 

—  0. 21  4-  0.  74A- 

—  0.21 

4-<Xoi 

4-  0.53 

6.0 

1845 

II 

4-0.45  4-  0.  ooA- 

4-  0.45 

4-  0.45 

4-  0.45 

8.0 

1845 

III 

—  0.  76  4-  0. 38A; 

-  0.  76 

—  0  65 

-  0.38 

8.0 

1878 

II 

—  0.  55  4-  0. 49A^ 

-  0.55 

—  0.41 

—  0.06 

12.0 

1878 

III 

4-  0.  50  —  0. 4oA- 

4-  0.50 

4-  0.38 

4-  0. 10 

8.0 
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Residuals  of  Equations  of  Condition  in  terms  of  k — Continued. 

NOVEMBER  TRANSITS,  EXTERNAL  CONTACTS. 


I 

1 
Year. 

ReBidiials. 

Jfc  =  o 

*;  — 0.295 

fc=i 

Wt. 

//             /« 

II 

// 

1677 

+  1.04  —  6.35*r 

4-  1.04 

~  0.83 

-  5.31 

0. 1 

1690 

4-0.47  —  4. 09A; 

4-  0.47 

-  0.74 

—  3- 62 

0.2 

1697 

4-0.51  —  3.28A; 

+  0.51 

—  0.46 

—  2.  77- 

0.3 

1736 

4-  0. 01  —  i.ooik 

4-  0. 01 

—  0. 29 

-  0.99 

0.  6 

1743 

4-  0.  75  —  0. 36^- 

+  0.75 

4-  0.64 

+  0.39 

0.7 

1756 

—  3. 62  4-  0. 92A: 

—  3-62 

3-35 

—  2.  70 

0.0 

1769 

—  I.  22  4-  2. 84A' 

—  1.22 

-  0.38 

4-  1.62 

0.2 

1782 

—  0.  79  4-  0. 63A: 

—  0.79 

—  0.60 

—  6. 16 

I.O 

1789 

-f  »-5o  +  3-69^* 

X  +  "-50 

+  2.59 

4-  5-«9 

0.2 

1802 

4-0.51  4-  4.07A? 

4-  0.51 

4-  I.  71 

4-4.58 

1.2 

1822 

—  1.62  4"  I-46A- 

—  1.62 

—  1. 19 

—  0. 16 

0.2 

1848 

—   1.09  -f   I.32fc 

—  1.09 

—  0.  76 

-f  0.23 

0.2 

1861 

4-  I.  72  —  0.22k 

4-  1.72 

4-  1.65 

4-  1.50 

M 

i^ 

—  0.40  —  0.84^* 

—  0.40 

-  0.65 

—  1.24 

2.0 

1881 

4-  0.90  —  1.82A: 

4-0.90 

4-  0.36 

—  1.92 

1.5 

MAY  TRANSITS 

5,  EXTERNAL  CONTACTS. 

1753 

—  0.03  —  0. 8ifc 

—  0.03 

■—  0.27 

—  0.84 

2.0 

1786 

-f  0.58        o.ooik 

4-  0. 58 

4-0.58 

4-0.58 

2.0 

1799 

—  1.21  4-  0.54^ 

—  1. 21 

—  1.05 

—  0.67 

2.0 

1832 

—  0.44  4-  0-87*; 

—  0.44 

—  0.18 

4-  0-43 

2.4 

1845 

—  0.98  -f  0.45*; 

—  0.98 

-  0.85 

0-53 

2.0 

1878 

—  0.60  —  0.42^ 

—  0.60 

—  0.  72 

—  1.02 

30 

We  thus  derive,  by  direct  computation, 

2W,'  z=  109.4  —  136.4A;  +  237.8Ar* 
while  the  result  from  the  solution  of  the  normal  equations  is 

2W^^  zz  109.5  —  ^37'^k  +  232.8Ar^. 


Hence,  for 


A;  =  o ; ,  2WJ^  =z  109.4 
k  =  0.295  ;  2W,^  z=  89.9 
&=  i;  SW,^  =  210.8 


Since  what  we  are  now  aiming  at  is  the  determination  of  a  hypothetical  error  of 
the  astronomical  time,  a  conclusion  will  be  facilitated  by  presenting  the  mean  error  of 
time  for  each  transit.  We  remark  that,  continuing  the  notation  already  employed,  to 
the  residual  ^c  in  arc  will  correspond  the  residual  Jt  zz  ndc  in  time.  Hence,  to  a 
weight  W  of  ^c  will  correspond  a  weight  proportional  to  Wn^  of  Jt  Hence  we  shall 
have,  as  the  mean  by  weights  of  any  number  of  results : 

2WnJc 


Jt  = 


2Ww^ 
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We  thus  have  the  following  results  from  the  one,  two,  or  three  contacts  observed 
at  each  transit.  The  probable  enor  corresponding  to  the  unit  of 'weight  is  assumed 
to  be  i*.5. 


Year. 

• 

fc  = 

=  0 

s. 

k  = 

0.295 

k=  I 

8 

Wt. 

€ 

». 

1 

1677 

+ 

4.6 

5.6 

—  30- 0 

.0165 

12 

1690 

+ 

3.4 

— 

5-4 

—  26.3 

.0039 

24 

1697 

4- 

9.4 

-h 

2.3 

—  14.6 

.0143 

1 

12 

1723 

4- 

2.9 

2.2 

-  14.3 

.0776 

5 

1736 

-h 

1.6 

1-7 

-   9.7 

.0277 

9 

1743 

-h 

4.2 

+ 

2.2 

2.6 

.0975 

4.8 

>753- 

4- 

0.5 

3.5 

—  12.9 

.0288 

9 

1769 

+ 

2.  I 

+ 

6.3 

4-  16.4 

,0483 

7 

1782 

— 

14. 1 

— 

9.6 

4-  1.2 

.0139 

>3 

1786 

+  25. 5 

-h  24.6 

4-  22.4 

.0175 

II 

1789 

4-3 

+ 

0.  2 

-f-  U.  I 

.1136 

4.5 

"799 

0.8 

0.0 

4-  2.0 

.0506 

7 

1802 

■ 

3-0 

+ 

2.3 

4-  15.0 

.1869 

3-5 

1822 

3-5 ; 

0.7 

4-6.0 

.0184* 

II 

1832 

— 

5.8 

— 

^•'  1 

4-6.6 

.0686 

6 

1845 

9.8 

8.8 

-  6.5 

.0784 

5 

1848 

4-9 

3-3 

4-0.7 

.2380 

3.1 

1861 

1.8  ' 

1 

— 

2.3 

-  3.4 

.1727 

3.6 

1868 

— 

2.3 

— 

4.1  : 

-  8.5 

.>595 

3.8 

1878 

+ 

5.0 

+ 

3.3 

-  0.9 

.1347 

4.1 

1881 

+ 

6.5 

+ 

3.8 

2.6 

.3153 

2.7 

In  order  still  farther  to  trace  the  course  of  the  changes  of  long  period,  we  take 
the  mean  results  from  groups  of  transits  with  the  following  result^s: 


Limits  of  dates. 


1677-1697 

1723— 1753 
1769— 1802 

1822— 1832 

1845— 1848 

1861— 1868 

1878— 1881 


Mean 
year. 

1 

k  = 

=  0 

k  = 

0.295 

k=  I 

1 

H. 

H. 

1 

1690 

4- 

6.5 

2.3 

23.1 

1  1740 

4- 

30 

— 

0.4 

-  8.6  . 

1 

1  1787 

'.7 

+ 

2.5 

4- 12. 5 : 

1822 

5-3 

__ 

1.8 

4-  6.5 

1847 

6.1 

4.7 

.  —  1. 1 

1 

1865 

— 

2.0 

3-2 

-  5.8 

1879 

4- 

6.1 

4- 

3.7 

—  2. 1 

1 

\vt. 


s. 


.0352 

8 

.2316  i 

3.2 

.  4308 

2.3 

.0870 

5  I 

.3164 

2.7 

•3322 

2.6 

.4500 

2.2 

If  we  are  compelled  to  choose  between  the  two  limiting  values  of  to,  and  unity 
the  value  zero  is  far  the  more  probable.  The  probable  error  of  k  being  the  proba- 
bility that  the  true  value  of  k  can  be  as  great  as  0.8  is  only  .  This  would  be 
the  probability  if  no  systematic  errors  entered  into  the  observations.  But  the  possi- 
bility of  systematic  differences  between  observations  of  different  transits  is  such  that 
we  should  regard  this  probable  error  as  quite  illusory.  Still  it  must^be  admitted  that 
the  probability  that  k  can  be  nearly  unity  is  so  small  that  we  must  regard  it  as  quite 
improbable  that  tlie  inequalities  in  the  mean  motion  of  the  moon  are  entirely  to  be 
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accounted  for  by  changes  in  the  earth's  rotation.     One  of  the  conclusions  of  the  pres- 
ent discussion  is  therefore  this : 

Inequalities  in  the  motion  of  the  moon  not  accounted  for  by  the  theory  of  gravitation 
really  exist,  and  exist  in  such  a  way  that  the  mean  motion  of  the  moon  between  1 800  and 
1875  ^^  really  less  than  it  was  between  1720  and  1800. 

If  on  the  other  hand  we  adopt  the  hypothesis  A;  zz  o,  the  systematic  character  of 
the  residuals  is  such  that  this  hypothesis  must  also  appear  quite  improbable  though 
not  wliolly  impossible.  The  question  then  arises,  caij  we  admit  the  actual  existence 
of  inequalities  of  both  classes  ?  The  most  remarkable  circumstance  in  this  connec- 
tion is  that  a  value  of  k  equal  to  about  J  should  so  closely  satisfy  the  whole  series  of 
observations.  That  there  could  be  anf  sucli  relation  between  variations  in  the  earth's 
rotation  and  in  the  moon's  mean  motion  as  would  be  implied  by  supposing  this  value 
of  /;  to  be  real  would  be  a  result  which  cannot  be  accounted  for  by  known  physical 
laws.  But  it  is  a  singular  circumstance  that  the  whole  series  of  observed  transits 
through  two  centuries  should  so  closely  follow  this  law.  It  is  also  singular  that  the 
changes  during  the  last  40  years  should  be  so  closely  represented.  It  is  to  be  remarked 
that  the  apparent  retardation  of  the  moon's  mean  motion  during  the  present  century 
has  not  been  uniform,  but  that  during  a  few  years  preceding  1 860  there  was  a  tem- 
porary acceleration  which  continued  until  perhaps  1862.  A  rapid  retardation  then 
commenced,  which  has  gradually  brought  the  moon  back  into  its  regular  position  as 
given  by  the  hypothetical  inequalities  of  long  period.  Now  it  is  most  remarkable 
that  the  observations  of  transits  of  Mercury  agree  with  those  of  the  moon,  and  those 
of  the  first  satellite  of  Jupiter,  in  indicating  that  this  apparent  inequality  was  in  part 
at  least  due  to  the  earth's^rotation.  If  we  should  accept  this  result  it  would  lead  to 
the  conclusion  that  the  motions  of  the  earth  and  moon  are  so  connected  that  one  is 
retarded  when  the  other  is  accelerated.  But,  it  is  difficult  to  see  how  such  a  conection 
could  result  from  the  mutual  action  of  the  two  bodies.  If  these  motions  were  connected 
in  a  way  which  could  be  accounted  for  by  the  action  of  a  couple  of  forces  between 
the  two  bodies  they  would  be  accelerated  and  retarded  together.  This  relation  would 
be  indicated  by  a  negative  value  of  k 

On  the  whole  it  would  seem  premature  to  reach  any  positive  conclusion  upon 
these  results,  thcpugh  they  seem  to  suggest  the  desirableness  of  further  physical  investi- 
gation to  ascertain  the  possibility  of  any  such  relation 

At  present  the  best  course  would  seem  to  be  to  suppose  A;  zz  o  in  our  subsequent 
investigations.  The  effect  of  k  is  so  small  that  our  general  conclusions  respecting 
the  motion  of  Mercury  will  not  be  materially  altered  should  it  subsequently  be  found 
to  have  a  value  diff'erent  from  zero.  By  constructing  theories  and  tables  on  the  simpler 
hypothesis,  the  existence  of  any  real  deviation  will  be  made  more  evident  by  the  re- 
sults of  future  transits. 

§2. 

Concluded  corrections  to  Leverrier's  elements.  . 

Since  we  cannot  derive  separate  and  independent  values  of  all  the  elements  from 
observations  of  transits,  the  corrections  which  we  obtain  must  be  regarded^  as  those 
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applicable  to  certain  functions  of  the  elements,  as  shown  in  Chap.  II,  §  5.  Transferring 
the  epoch  from  1820  to  1850,  and  putting  kzz,  t),.we  have  the  following  values  of  the 
corrections  to  the  tabular  quantities.  T  is  here  the  time  after  1850.0,  the  unit  being 
a  century. 

N  ={de  —  St)  sin  i  zz  -  o'^.o;  +  o''.28T 
V  zz  1.4875A  —  o.487<J;r  —  i.i^jSe 

—  I.OI5A'  +  i.ige'STT'  +  1.585^'  =  —  1^69  —  2".63T 
W  zz  o.7i6S\  +  o.284(J;r  +  0.8965^ 

—  o.gjSr  —  lAie'STT'  -  i,62Se'  =  +  1^39  +  i^84T 
Mzz  +  0.15 

Hence,  the  mass  of  Venus  derived  from  the  periodic  perturbations  at  the  times  of 
transits  is 

1.015    _        I 


401847       396000 
For  the  corrections  of  semi-diameters  we  have 

S  =  cJR'  -  i.6o5R  zz  -  o''.04 
Hence,  for  the  sun's  semi-diameter  at  distance  unity  we  have 

959''75  -  160  Sn 

SR  being  the  correction  to  the  semi-diameter  of  Mercury  at  distance  unity. 
The  value  of  Si 

-  o''.50  +  o''.46T 

expresses  the  extent  to  which  Mercury  impinged  upon  the  sun  at  the  time  of  an 
average  external  contact.  The  term  o".46T  represents  the  diminution  of  this  quantity 
in  consequence  of  the  gradual  improvement  of  the  telescope. 

§3. 

Comparison  of  observed  and  theoretical  secular  variations  and  of  results  for  the  mass  of 

Venus. 

The  observed  secular  variation  of  the  perihelion  of  Mercury,  as  derived  from  ob- 
servation, can,  without  difficulty,  be  accounted  for  by  suitably  increasing  the  adopted 
mass  of  Venus.  The  only  argument  against  such  an  increase  is  that  the  variations  of 
other  elements  will  not  then  be  represented.  But  in  the  absence  of  any  reason  for  pre- 
ferring one  determination  to  another,  the  true  form  in  which  we  should  put  the  result 
is  that  the  variations  of  different  elements  give  diflFerent  values  of  the  mass  of  Venus. 
We  can  reject  one  result  only  when  we  have  found  that  all  the  methods  but  one  give 
accordant  results  and  that  this  one  alone  is  discordant.  The  first  step  toward  a  satis- 
factory solution  of  the  question  is,  therefore,  to  find  what  values  of  the  mass  of  Venus 
are  given  by  diflFerent  data  and  discuss  the  discordances  among  them. 

Five,  methods  are  available  for  the  determination  of  the  mass  of  Venus. 
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I.  The  secular  motion  of  the  periJielion  of  Mercury. — More  exactly  we  should  say 
the  secular  motions  of  V  and  W,  which  arise  from  variations  both  in  the  eccentricities 
and  in  the  perihelion  of  Mercury  and  the  earth. 

II.  TJie  secuhr  7notion  of  the  node  of  Mercury. — Any  uncertainty  that  may  exist  in 
the  theoretical  motion  of  this  node  arises  almost  entirely  from  the  uncertainty  in  the 
mass  of  Venus,  since  the  influence  of  all  the  other  planets  can  be  accurately  deter- 
mined. 

III.  The  secular  motion  of  the  node  of  Venus  on  the  ecliptic. — Properly  speaking  we 
should  say  the  secular  motion  of  the  ecliptic  itself,  because  that  portion  of  the  motio^^ 
of  the  node  of  Venus  which  depends  on  the  mass  of  that  planet  arises  solely  from  the 
motion  of  the  ecliptic. 

IV.  TJw  seculur  diminution  of  the  obliquity  of  the  ecliptic. — This,  like  the  first,  is  a 
motion  of  the  ecliptic  due  to  the  action  of  Venus.  Hence  these  two  determinations 
cannot  be  considered  as  wholly  independent,  though  each  would  strengthen  the  other. 

V.  The  periodic  perturbations  of  Mercury  and  the  earth  produced  by  the  action  of 

Venus. 

Since  a  discordance  of  the  kind  in  question  indicates  the  continuous  action  of 

some  unknown  cause,  we  cannot  say  that  any  one  of  the  first  four  methods  is  neces- 
sarily free  from  the  effects  of  such  action.  Hence,  if  the  results  are  discordant,  we 
have  no  right  to  deduce  with  certainty  any  mass  of  Venus  from  them.  It  is  different 
with  the  last  method.  It  is  beyond  all  moral  probability  that  any  unknown  cause 
should  produce  periodic  inequalities  in  the  planetary  motions  corresponding  to  those 
produced  by  the  action  of  the  planets  on  each  other.  We  may  therefore  consider  the 
mass  of  Venus  derived  from  periodic  perturbations  to  be  that  which  is  to  be  accepted 
iis  the  real  mass  to  be  used  in  comparing  the  other  results.  Unfortunately,  the  best 
mass  that  can  be  derived  from  transits  is  very  uncertain,  while  that  of  discussing  the 
meridian  observations  will  be  very  laborious. 

Mass  of  Venus  from  the  motion  of  the  perihelion  of  Mercury. 

I.  To  determine  what  mass  of  Venus  will  best  represent  the  secular  variations 
of  the  eccentricity  and  perihelion,  let  us  consider  the  values  of  V  and  W,  which 
depend  upon  the  corrections  to  the  secular  variations.     If  we  put 

(JHi  zz  o.487<5;r  +  i.i37<Je  —  i.ige'djr'  —  i.^SSe'  (a) 

(JHa  =z  o.284<J;r  +  o.Sg6Se  —  i.iie'STt^  —  i.62Se' 

The  values  of  V  and  W,  which  we  have  found,  give  the  equations — 

i.487(5n  -  i.oicJn'  -  ^^  =  -  2^63  (6) 

o,yi6Sn  -  0.97671'  +  ^^  =  +  i''.84 

Where  Sn  and  Sn'  are  the  corrections  to  the  centennial  mean  motions  of  Mercury 
and  the  earth,  respectively.  There  being  four  unknown  quantities  in  these  two  equa- 
tions, we  cannot  determine  them  all  from  the  data  afforded  by  the  transits.     We  shall 

A.  p.,  PABT  VI 14 
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therefore  take  the  tabular  mean  motion  of  the  sun  as  correct,  which  amounts  to  sup- 

posing  Sn'  =  o,  and  express    ,  ^  and  ^  in  terms  of  the  mass  of  Venus  as  the  single 

unknown  quantity  in  addition  to  Sn 

The  following  values  of  the  secular  variations  of  ;r,  e,  tc'  and  d  are  given  by  Le- 
VERRiEK,*  and  will  be  accepted  with  the  single  change  of  substituting,  for  the  action 
of  Venus,  the  value  found  by  Mr.  Hill  by  Gauss'^  method.   (Ante,  p.  342.) 


./// 


Y>{n:  =  527".oo    +  28o".5iv'    +  83^64^"+  2".85  v' 

+  i52".59»^*^  +  7".25k"   +  o".i4K^*  +  o".o6k^" 

D,6  =  +  4".i8    +  2".82k'       +  i".o6k"  -  o".oyy"' 

+  o".32K^^      +  o".05K^ 

e'DTv'  =  +  19^30— o".46k         +  5.89K       +  1.89K"'    +  ii".66k*^  +  0.31K" 
Dfi'  =  -  8".95    -o".29K        +  i''.36k'    -  i".82k'"  -  8".i6k^^  -  o''.04k^- 

The  coefficients  k,  y\  etc.,  are  determined  by  the  condition  that  i  +  k,  i  +  k*,  etc., 
are  the  factors  by  which  we  must  multiply  the  provisional  masses  adopted  by  Le- 
VERRiER  to  obtain  the  true  masses  Since  the  time  when  Leverrier  wrote  the  masses 
of  most  of  the  planets  have  been  determined  with  a  certainty  far  exceeding  any  then 
attainable.  The  following  seem  at  present  to  be  the  most  reliable  values  of  the  plan- 
etary masses : 

Mercury. — Von  Asten's  investigations  on  Enckk's  comet  indicate  a  large  diminu- 
tion of  the  mass  of  Mercury  generally  assumed,  l^he  diflFerent  results  for  this  mass 
are  so  discordant  that  the  choice  among  them  must  be  a  matter  of  judgment  rather 
than  of  calculation.  Analogy  would  lead  us  to  suppose  that  the  density  of  this  planet 
is  probably  less  than  that  of  the  earth.  It  is  the  opinion  of  the  writer,  from  a  consid- 
eration of  all  the  data,  that  we  may  adopt  the  value 

Mass  of  Mercury  zz 

•^        7  500  CXX) 

as  being  at  present  the  most  probable  value. 

The  Earth  — The  most  recent  determinations  of  the  solar  parallax  appear  to  group 

themselves  around  the  value  8".9i,  which  we  may  regard  as  the  most  probable  value 

now  obtainable.     To  this  corresponds 

Combined  mass  of  the  Earth  and  Moon  = 

327  CXX) 

Mass  of  Mars. — Professor  Hall's  discussion,  from  the  motions  of  the  satellites, 
gives 

Mass  of  Marsiz    

3  093  500 

which  does  not  seem  to  need  anv  further  discussion  or  correction. 

Mass  of  Jupiter, — There  does  not  seem  to  be  any  reason  for  changing  Besskl's 

mass,  which  we  shall  therefore  adopt. 

*  Auiialv8  de  rObservatoire,  toiue  ii,  p.  100. 
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Saturn^  Uranus,  and  Neptune. — The  action  of  these  planets  on  Mercury  and  tho 
earth  is  so  small  that  there  is  no  need  of  changing  the  masses  employed  by  LKVERRfER. 

We  now  have  the  following  comparison  of  the  masses  here  adopted  with  those 
adopted  by  Leverrier,  with  the  resulting  values  of  the  coefficients  v. 


Planet. 


I 


Mercury  . 
Venus  .  . 
Earth  .  . 
Mars.  .  . 
Jnpiter 


MftHS 

adopted  by 
Lkvkrrirr. 


Corrected 
mass. 


Valne  of  v. 


3,000,000 
I 


7,500,000 


—  0.6 


401,847 

I 

354,936 

I 

2,6807^37 

I 
1050 


Indetenn.     I  Unknown. 


I 


n^  -I-   O-  0854 


327,000 


3.093.500 


1047.88 


—  o.  134 


-f   0.00202 


Substituting  these  values  of  v,  v",  etc.,  the  preceding  expressions  for  the  secular 
variations  in  terms  of  the  mass  of  Venus  become 

BtTT     Z=  53407   +    280.5.'' 

D,e    =  4.28  +      2;8k' 

e'DfTT  =        1935  +      5-9''' 
D/    =  -     8.55  +      1.4K' 

In  Leveebier's  tables  of  Mercury  and  the  sun  the  adopted  secular  variations, 
assuming  the  precession  for  1850  to  be  50". 2357,  are 

DtTT    =  567.81 

D^e     zz  4.20 

c'DfTr'  -=.         19.23 

D^'    zz-       8.76 

The  corrections  to  the  tabular  secular  variations  are  therefore  expressed  in  the 
form 


// 


// 


\ifin  =  —  33.74  +  280.5V 

DtSe  =  +    0.08  +      2.8  k 

e'D«<S;r'  m  +    0.12  +       5.9^' 

DtSe'  =  +    0.21  -f      1.4V' 

Substituting  these  values  in  the  derivatives  (a)  of  SR^  and  Sll^  with  respect  to  the 
time,  we  have  tlie  following  expressions  for  the  theoretical  con-ections  to  the  tabular 
secular  variations  of  IIi  and  H2 


// 


// 


D,5Hi  =—  16.81  +  130.6/ 
IVHj  =  -^    9-98  +    734*'' 
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Substituting  these  theoretical  expressions  in  the  formulae  (fc),  and  putting  8n'  -=.  o, 
the  equations  derived  from  observation  become 


//  //  // 


1.4875^  +  16.81  —  130.6^'  zz  —  2.63 

o.7i65w  —    9.98  +    73.4>^'  zz  +  1.84 
The  solution  of  these  equations  gives 


// 


6nz=.  +  0.58 
y'  zz  +  0.1554 

This  value  of  v'  gives 

Mass  of  Venus  zz 


347800 

II.  Motion  of  the  node  of  Mercury, — Our  next  inquiry  is,  what  mass  of  Venus 
results  from  the  observed  motion  of  the  node  of  Mercury  upon  the  ecliptic?  If  we 
put,  with  Leverrier, 

p  =  tan  i  sin  0, 
q  =  tan  t  cos  5, 

we  have  the  following  theoretical  values  of  the  secular  variations  of  the  planes  of  the 
orbit,  derived  <and  expressed  as  in  the  case  of  the  perihelion  of  Mercury. 

FOR  MERCURY. 

//  //  //  //  // 

De|>ZZ  —  53.69  —  2 7.7 1  v'  —  8.76K''  —  0.2  I  k'''  —  1 6.08  K*"" 

D,gzz  + 24.65+    7.o6k'  +  7.32k"+o.i7k'''+    9  75>^*^ 

FOR  THE  EARTH. 

//  //  //  //  // 

Dy  zz  +      5.89  +  0.62K  +    7.57K'  +  0.73K"'  —     2.50K*^ 
D^q"  zz  —    47.59  —  O.52K  —  28.9OV'  —  O.83K'"  —  16.01  K*"" 

FOR  MERCURY  RELATIVE  TO  EARTH. 

^t{P  -  p1  =  -  59.58  -  0.62K  -  35.28K'  —  8. 76k''  -  0.94K'''  -  13.58  ^'" 

^t{q  —  q")  =  +  72.24  +  0.52K  +  35.97K'  +  7.32K''  +  look'"  +  25.761-*^ 

Substituting  the  values  of  k,  k",  k'",  and  k*"",  already  given,  these  last  equations 
become 

AO  —  yo  =  -  59.86  —  35.28K' 

D,((7  -  (?")  =  +  72  48  +  35.97K' 

The  secular  motion  of  the  inclination  and  node  of  Mercury  relative  to  the  mov- 
ing ecliptic  is  found  by  substituting  p  —  p"  and  q  —  q"  ior  p  and  q  in  the  expressions 
for  the  latter  quantities  and  then  diflFerentiating.     We  thus  find 

sin  iD^O  zz  cos  i  cos  0  T)^{p  —  p'[)  —  cos  i  sin  0  T>t{q  —  q[') 


TRANSITS  OF  MERCURY.  1677-1881.  471 


For  the  epoch  1850  we  have 


/      // 


i  z=.    J       o     7.7 
0  =  46     2>?>     8.8 
whence 

sin  i  De©  zz  ^  93''.09  —  5o''.oov' 

The  observed  value  of  this  same  quantity  is  found  by  applying  to  Leverrier's 
tabular  value  the  corrections  already  derived.     We  thus  have 

Observed  sin  iD^d  =  —  92''.56.+  o".28  z=  —  92''.28 

Equating  the  values  we  find 

y'  -zz  —  .016 

Hence  for  the  mass  of  Venus  derived  from  the  motion  of  the  node  of  Mercury, 
we  have 

m'  zz  -  --  — 
408400 

III.  Motion  of  the  node  of  Venues. — The  most  recent  determination  of  the  motion 
of  the  node  of  Venus,  and  of  the  consequent  mass  of  that  planet,  is  that  of  Mr.  G.  W. 
Hill,  who  finds 


// 


Annual  motion  of  npde  zz       32.515  —  precession 

zz  — 17.737 

Mass  of  Venus*  zz  


427  240 

■ 

The  motion  adopted  in  Leverrier's  tables  of  Venus  {Annates  de  VObs.j  vol.  vi) 

corresponds  to  a  yet  smaller  mass  of  Venus  not  far  from ,  so  that  there  is,  ap- 

^  "^  450000  * 

parently,  an  extraordinary  discrepancy  between  the  mass  of  Venus  derived  from  this 
source  and  from  the  others.  But  the  observations  of  the  transit  of  Venus  in  1874 
showed  that  Leverrier's  position  of  the  node  needed  a  correction  about  twice  that 
found  by  Mr.  Hill.  From  this  it  would  seem  probable  that  the  geocentric  latitude  of 
Venus  derived  from  the  transits  of  1761  and  1769  was  several  seconds  in  error!  It 
must,  therefore,  be  deemed  probable  that  the  actual  motion  of  the  node  corresponds 
to  a  mass  of  Venus  decidedly  greater  than  that  found  by  Mr.  Hill,  and  not» differing 
greatly  from  that  found  by  the  motion  of  the  node  of  Mercury.  But  in  the  absence 
of  a  definitive  investigation  of  the  subject,  no  value  of  the  mass  in  question  can  at 
present  be  derived  from  this  source. 

IV.  Ohliquity  of  the  ecliptic. — The  secular  diminution  of  the  obliquity  of  the  eclip- 
tic, as  found  from  observation  by  Levebrier,  indicates  a  diminution  of  the  provisional 

*  Tables  of  Venus,  Introduction,  p.  36. 
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mass  of  Venus.     But  this  is  another  constant  of  which  a  definitive  value  is  yet  to  be 
investigated,  and  no  certain  result  can  be  laid  down  until  this  is  done. 

V.  Results  of  periodic  perturbations, — We  have  found  fi'om  the  equations  of  condi- 
tion 

M  zz  iok'  z=  +  o  15  —  0.43A:  dh  0.13. 

The  large  value  of  the  coefficient  of  k  shows  that  the  concluded  mass  of  Venus 
from  the  periodic  perturbations  will  be  materially  affected  by  any  inequalities  in  the 
earth's  rotation.     We  can,  therefore,  only  attribute  small  weight  to  the  result,  which  is 


396000 

Should  tKe  true  value  of  k  be  that  given  by  the  equations,  the  denominator  would 
be  increased  to  401  000. 

§4. 
Concluded  mass  of  Venus  and  excess  of  motion  of  perihelion  of  Mercury. 

We  have  now  the  following  results  for  the  mass  of  Venus : 

From  perihelion  of  Mercury  i  -r-  \ooom'  =1  347.8 

From  node  of  Mercury 408  4 

From  periodic  inequalities 396. 

while  the  results  from  the  other  two  sources  will  probably  not  differ  much  from  the 
second  of  the  above  values. 

The  third  value  is  too  uncertain  to  permit  of  any  conclusion  being  drawn  from  its 
deviation  from  the  second.  By  merely  supposing  the  constant  k  to  have  the  value  0.295 
not  only  will  the  last  value  be  increased  to  401,  but  the  value  408.4  from  the  motion 
of  the  node  will  be  diminished.  The  two  values  will,  therefore,  be  made  more  ac- 
cordant. 

There  is,  therefore,  a  decided  preponderance  of  evidence  that  the  true  value  of 

the  mass  of  Venus  does  not  differ  much  from ,  and  is  probably  contained 

405000  ^  -^ 

between  the  limits         —    and    — —   .      The  value ^ —  is  entirely  inconsistent 

400000  410000  347800  '' 

with  all  the  others.  We  must,  therefore,  conclude  that  the  discordance  between  the 
observed  and  theoretical  motions  of  the  perihelion  of  Mercury^  first  pointed  out  by  LE^'EBRIRK, 
really  exists^  and  is  indeed  larger  than  he  supposed. 

Determinatiofi  of  excess  of  motion  of  perihelion, — In  investigating  the  actual  amount 
of  the  discordance  we  call  to  mind  that  we  have  no  certain  evidence  as  to  how  the  dis- 
cordance is  to  be  divided  among  the  several  elements  which  enter  into  the  expressions 
for  V  and  W'.  But,  so  far  as  has  yet  been  noticed,  it  does  not  appear  that  any  other 
element  than  the  perihelion  of  Mercury  is  affected  by  this  abnormal  variation.  We, 
therefore,  put  the  inquiry  into  this  form :  assuming  that  the  variations  of  e,  e',  and  7r' 
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correspond  to  theory,  how  much  is  the  variation  of  n  in  excess  of  the  value  given  by 
theory?     In  considering  this  question  we  shall  assume  v'  ■=.  —  .008  and  hence  w'  zz 

.  •  We  shall  also  put, 

405  CXX) 

^,  the  excess  in  the  centennial  motion  of  n. 

With  this  adopted  value  of  the  mass  of  Venus  the  motions  of  the  elements  which 
are  to  be  reconciled  with  observation  will  become 


// 


D,;r  zz  53183  —  p 

\)fi    zz  4.26 

e'De^r'  zz  19-30 

D/  zz  -  8.56 

The  excess  of  the  values  adopted  in  the  tables  over  these  values  are 


// 


z/D,;r  :=       35.98  —  n' 
^\)fi    iz  —    0.06 

Je'DtTt'  =  —    0.07 
^D/  zz  —    0.20 

We  thence  derive  from  the  equations  (a)  the  following  values  of  the  excess  of  the 
bibular  values  of  DeH,  and  D^Hg  over  the  modified  theory 


// 


Jl}fi,=  17.85- 0.487  i> 

JDeHg  zi  10.57  —  0.284  i> 

Next,  tlie  equations  (b)  give  for  the  excess  of  observation  over  the  tables 


5DeHi  zz  +  2.63  +  1  487*^ 
dDeHg  iz  +  1.84  —  o.yi6Sn 

the  terms  in  Sn'  being  omitted  as  before. 

Hence,  the  excesses  of  observation  over  theory,  which  is  to  be  reduced  to  zero  by 
attributing  suitable  values  to  p  and  dn,  are 

20.48  —  0.487^  +  i.^SySn 
12.41  —  0.284^  —  o.yiSSn 

Equating  these  expressions  to  zero  we  find 


// 


Sn  =  +    0.37 
p  =  +  42.95 

It  follows  tJiat  the  observed  centennial  motion  of  the  perihelimi  of  Mercury  is  greater  by 
43''  than  the  theoretical  motion  computed  from  the  best  attainable  values  of  the  masses  of 
the  planets. 
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§5. 

Speculation  on  possible  causes  of  the  excess  of  motion  of  the  perihelion  of  Mercury. 

Should  physicists  succeed  in  discovering  some  modification  of  the  law  of  atti-ac- 
tion  between  different  bodies,  which  would  closely  represent  the  phenomenon  in  ques- 
tion, further  investigation  of  the  subject  from  an  astronomical  standpoint  would  be 
greatly  limited.  But,  in  the  absence  of  any  such  modification,  no  satisfactory  conclu- 
sion can  be  reached  without  more  certain  data  than  we  now  possess  as  to  the  exact 
character  of  the  excess  of  motion  of  the  perihelion  of  Mercury,  and  of  the  other  phe 
nomena  which  may  be  associated  with  it.  It  is  therefore  difficult,  in  discussing  the 
possible  cause  of  such  a  motion,  to  speak  with  the  confidence  of  certainty  on  every 
point  that  may  come  up.  What  we  have  to  say  must  be  to  a  considerable  extent  pro 
visional,  and  must  be  founded  on  the  supposition  that  the  character  of  the  phenomena 
with  which  we  are  concerned  is  that  which  appears  most  probable  from  the  preceding 
discussion. 

Of  course  the  first  thing  to  be  sure  of  before  basing  any  theory  upon  the  observed 
discordance  is,  that  the  latter  does  not  arise  from  any  imperfection  either  in  the  theory 
or  in  the  discussion  of  the  observations.  The  close  agreement  of  the  secular  variations 
produced  by  Venus,  as  computed  by  Mr.  Hill  in  the  preceding  paper  of  this  series, 
and  as  computed  by  Leverrier,  seem  to  prove  conclusively  the  correctness  of  the 
latter's  results.  For  any  other  planet  than  Venus  the  uncertainty  must  be  much  smaller. 
We  cannot,  therefore,  look  with  any  probability  for  an  error  in  the  computed  secular 
variations.  The  question  may,  however,  be  raised,  whether  there  is  a  possibility  of  any 
term  of  very  long  period.  This  question  also  must,  it  would  seem,  be  answered  in  the 
negative.  Any  term  having  a  period  of  a  number  of  centuries  would  depend  upon 
multiples  of  the  mean  motion  so  high  tliat  there  is  no  possibility  of  their  being  sensible. 

To  show  this  let  us  develop  the  ratio  of  the  mean  motions  of  Venus  and  Mercury 
as  a  continued  fraction.     It  will  be — 


I 

2        I 

+ 


I        I 

+ 


'+' 


4  +  ^      — 
7  +  etc. 


The  convergents  will  be 


I       I      2       9        65 
2'     3'     5'     ^'    i66- 

The  period  of  the  term  23  V  —  9  M  will  be  little  more  than  50  years.  The  term 
166  V —  65  M  could  not  be  sensible  in  the  motion  of  the  perihelion. 

The  most  simple  hypothesis  is  the  well-known  one  of  Leverrier,  which  presup- 
poses the  existence  of  a  planet  or  group  of  planets  between  Mercury  and  the  sun. 
That  any  such  body  or  bodies  of  sufficient  mass  to  produce  the  motion  in  question  can 
really  exist  seems  to  be  out  of  the  question,  for  a  number  of  reasons. 
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In  the  first  place,  on  any  probable  hypothesis  of  the  relation  of  mass  to  reflecting 
power,  it  is  impossible  that  a  planet  or  group  of  planets  of  sufficient  mass  to  produce 
the  observed  motion  of  the  perihelion  of  Mercury  could  exist  without  being  very  con- 
spicuous objects  during  total  eclipses  of  the  sun,  if  at  no  other  time.  We  cannot, 
indeed,  assign  an  exact  value  to  the  mass  unless  we  know  the  mean  distance.  But  the 
less  we  suppose  the  mean  distance,  and  therefore  the  greater  we  suppose  the  liability 
that  the  planet  should  be  lost  in  the  sun  s  rays,  the  greater  the  mass  required  and  the 
more  brilliant  the  planet  or  planets  would  shine  during  a  total  eclipse.  In  fact  the 
more  distant  from  the  sun  the  required  planet,  the  less  readily  it  would  be  detected 
during  an  eclipse;  but,  on  the  other  hand,  it  would  be  more  readily  detected  at  other 
times.  In  a  paper  published  in  Gould's  Astronomical  Journal,  volume  vi,  the  writer 
showed  that  if  a  group  of  sufficient  magnitude  existed,  the  transits  over  the  sun  would 
be  too  frequent  to  escape  detection. 

In  the  next  place,  no  such  group  could  exist  and  produce  the  observed  effect 
without  also  disturbing  the  secular  motions  of  the  node  of  Mercury  and  Venus.  It  was 
shown  in  the  paper  just  referred  to  that,  supposing  the  grpup  to  lie  in  the  ecliptic,  the 
excess  of  motion  of  the  node  would  be  as  great  as  that  of  the  perihelion.  But  obser- 
vations do  not  indicate  any  such  excess.  If,  therefore,  the  group  exists  its  plane  must 
be  very  nearly  coincident  with  the  orbit  of  Mercury.  But  here  we  meet  with  two 
difficulties: 

If  the  mean  plane  of  the  group  were  at  any  epoch  coincident  with  that  of  Mercury, 
it  could  not  remain  so  permanently,  but  the  planes  of  the  different  orbits  would,  in 
time,  group  themselves  near  the  invariable  plane  of  the  planetary  system.  Again,  if 
the  coincidence  had  place  with  the  orbit  of  Mercury  it  could  not  have  place  with  refer- 
ence to  the  plane  of  Venus,  and  the  plane  of  motion  of  that  planet  would  be  subject 
to  a  secular  variation. 

Now  it  is  quite  true,  as  already  pointed  out,  that  these  several  secular  motions  of 
the  planes  have  not  been  investigated  with  such  thoroughness  that  we  can  speak  posi- 
tively on  this  question.  At  the  same  time  it  appears  extremely  improbable  that  any 
disturbing  action  can  exist  of  such  magnitude  as  the  hypothesis  would  imply. 

The  hypotheses  just  considered  are  those  of  a  single  planet  or  a  group  of  planets. 
It  may  be  asked  to  what  limit  we  must  suppose  the  subdivision  carried  in  order  that 
the  individual  bodies  may  escape  detection.  The  reply  is  that  they  must  be  so  small 
as  to  be  invisible  either  in  transit  across  the  sun  or  by  reflected  liglit  during  a  total 
eclipse,  or  in  the  evening  after  sunset.  Their  diameters  at  the  distance  unity  cannot, 
therefore,  exceed  a  very  small  fraction  of  a  second. 

The  limit  of  mean  diameter  may  be  roughly  i)laced  at        that  of  the  earth,  and 

%j 

the  limit  of  individual  volume  at that  of  the  earth.     Since  the  totiil  mass  must 

100  000 

be  an  appreciable  fraction  of  the  mass  of  the  earth  the  number  of  the  hypothetical 

planets  nmst  be  thousands  and  probably  tens  of  thousands. 

It  may  be  suggested  that  in  the  zodiacal  light  we  have  evidence  of  at  least  the 

possibility  that  a  group  of  many  thousand  bodies,  too  minute  to  be  visible  to  the  naked 

A.  p.,  PABT  VI 10 
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eye,  circulate  between  the  earth  and  the  sun.  It  would  be  an  inti^resting  photo- 
metrical  investigation  to  ascertain  the  limit  of  volume  of  these  bodies  of  the  supposi- 
tion that  they  are  of  ordinary  whiteness.  The  extreme  softness  of  the  zodiacal  light 
is  such  that  the  minimum  number  of  separate  bodies  would  have  to  be  estimated  at 
hundreds  of  thousands.  The  writer  thinks  it  probable  that  the  result  would  be  that  a 
collection  of  100,000  bodies  with  a  combined  volume  one-tenth  that  of  the  earth  would 
glow  with  a  much  brighter  light  than  the  zodiacal  light  actually  does.  The  hypothesis 
of  the  zodiacal  light  is  subject  to  the  same  difficulties  with  respect  to  motions  of  the 
nodes  as  have  already  been  pointed  out  with  respect  to  the  group  of  planets.  But  we 
have  at  present  no  way  of  positively  disproving  it. 

We  may  next  inquire  whether  either  a  possible  ellipticity  of  the  sun  or  of  his 
atmosphere,  or  of  the  matter  in  his  interior,  can  produce  the  observed  effect  The  reply 
to  this  would  be  that  the  most  exact  measures  have  failed  to  show  any  ellipticity  of  the 
body  of  the  sun  at  all  approaching  that  required.  Indeed,  if  we  suppose  the  elliptic 
disturbance  of  matter,  if  I  may  use  the  expression,  to  be  within  the  sun,  it  would  prob- 
ably be  found  that  the  consequent  deviation  of  the  level  surfaces  at  the  photosphere 
from  a  spherical  form  would  lead  to  a  sensible  ellipticity  of  the  sun's  disk. 

There  is  a  field  for  investigation  in  the  question  what  the  mass  of  a  ring  round 
the  sun  must  be  to  produce  the  observed  effect,  and  what  influence  that  mass  would 
have  upon  the  motion  of  the  nodes  of  Mercury  and  Venus.  This  is  a  question  which 
can  be  more  profitably  discussed  when  the  character  of  the  phenomena  is  more  accu- 
rately ascertained.  But,  as  the  question  now  stands,  all  hypotheses  that  the  observed 
phenomenon  is  produced  by  the  attraction  of  unknown  matter  in  the  neighborhood  of 
the  sun  or  Mercury  must  be  dismissed  as  at  least  highly  improbable. 

We  may  next  inquire  whether  any  deviation  from  or  modification  of  the  law  of 
gravitation  which  would  produce  the  observed  effect  is  admissible.  The  most  natural 
modification  of  this  kind  would  be  the  addition  of  a  term  varying  as  the  inverse  third 
or  fourth  power  of  the  distance.  This  hypotliesis  can,  however,  be  refuted  very  readily. 
A  term  of  the  inverse  third  power  which,  at  the  distance  of  Mercury,  should  have  a 
value  even  the  millionth  part  of  the  total  gravitative  force  of  the  sun  would,  at  the 
distance  of  a  foot,  have  a  value  two  hundred  thousand  times  that  of  the  term  depend- 
ing on  the  inverse  square.  If  higher  powers  than  the  cube  were  added  the  discrepancy 
would  be  yet  more  enormous.  The  existence  of  a  term  of  such  magnitude  is  out  of 
the  question. 

Another  hypothesis  which  has  been  considered  in  this  connection  is  that  of  Weber's 
electro-dynamic  theory.  According  to  this  theory  the  gravitative  force  between  two 
bodies  is  expressed  by  an  equation  of  the  form 


7"  y  ■"  Ir  \dt )  "^  A-  (It') 


in  which  the  constant  A,  as  is  evident  from  the  formula,  must  be  a  velocity.  1'his  ve- 
locity Wkber  has  sought  to  determine  experimentally;  his  value  is  439,450  kilometers 
per  second.  From  this  datum  Tisserand  has  computed  the  secular  variations  of  the 
planets.* 


*  Compie  l\cudH8j  vol.  Ixxv,  p.  760. 
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His  results  are  that  the  only  element  affected  with  a  sensible  inequality  is  the 
perihelion,  and  that  the  secular  motions  of  the  perihelia  of  Mercury  and  Venus  would 
have  the  following  values : 


// 


Mercury,  6.28 
Venus,       1.32 

If  h  be  the  velocity  of  light  his  result  is, 


// 


Mercury,  13.65 
Venus,         2.86 

But  the  actual  motion  has  been  found  to  be  three  times  this.  To  produce  this 
motion  the  value  of  h  must  be  reduced  to  about  1 74,000  kilometers  per  second. 

Objections  have  been  raised  to  Weber's  whole  theory  on  the  part  of  physicists, 
to  whom  the  discussion  of  its  possibility  must  be  left. 

Assuming  that  we  are  still  to  look  to  a  more  exact  determination  of  the  astro; 
nomical  character  of  the  pheneraena  for  a  solution  of  the  question,  the  necessary  steps 
are  an  exact  determination  of  the  mass  of  Venus  from  the  periodic  perturbations  of 
the  inner  planets,  an  investigation  of  the  secular  motions  of  the  planes  of  the  orbits  of 
these  planets,  and  the  comparison  of  the  theoretical  and  observed  secular  motion  of 
the  perihelion  of  Venus. 

The  latter  research  would  be  of  especial  interest  in  this  connection.  Unfortu- 
nately, however,  owing  to  the  very  small  eccentricity  of  Venus,  a  motion  of  its  peri- 
helion amounting  to  only  a  few  seconds  in  a  century  would  escape  the  observations 
hitherto  made.  Moreover,  the  very  imperfect  way  in  which  observations  of  Venus 
were  made  during  the  last  century  precludes  our  obtaining  a  satisfactory  result.  The 
question  whether  this  element  is  effected  by  a  motion  coiTesponding  to  that  of  Mer- 
cury can,  therefore,  hardly  be  settled  until  after  20  or  30  years  more  of  careful  meri- 
dian observations  of  Venus.  But  a  general  investigation  of  the  secular  variations  of 
all  four  of  the  inner  planets  might  result  in  showing  discordances  which  would  throw 
some  light  on  the  question.  This  investigation  is  one  for  which  the  material  is  being 
prepared  under  the  writer's  direction. 

§6. 

Law  of  recurrence  of  transits  of  Mercury. 

The  conception  of  conjunction  points,  developed  in  Part  I  of  the  present  series  of 
papers,  pages  8  to  10,  enables  us  to  lay  down  the  law  of  recurrence  of  transits  of 
Mercury  in  such  a  way  that  the  times  and  circumstances  of  all  possible  transits  during 
several  centuries  past  and  future  may  be  determined  with  great  ease.  Since,  however, 
we  have  to  consider  only  those  conjunctions  which  take  place  near  the  node,  it  will 
not  be  necessary  to  consider  the  arrangement  and  motion  of  the  whole  series  of  con- 
junction points.  Moreover,  it  is  only  when  we  neglect  the  eccentricities  that  the  con- 
junction points  are  uniformly  distributed  and  move  uniformly.  The  eccentricity  of 
the  orbit  of  Mercury  is  so  great  that  the  positions  of  the  mean  conjunction  points  give 
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US  no  index  to  the  actual  circumstances  of  transits.  What  we  therefore  have  to  do  is 
to  treat  the  relations  of  the  sun  and  Mercury  at  each  node  separately,  and  consider 
thedr  motions  at  this  point  as  if  they  were  mean  motions.  Notwithstanding  the  eccen- 
tricity and  the  secular  motion  of  the  perigee,  the  intervals  between  consecutive  pas- 
sages of  each  planet  through  either  of  the  common  nodes  will  be  nearly  the  same  for 
many  centuries.  These  intervals  will  not,  however,  be  the  same  for  each  node,  nor 
will  they  coincide  with  tlie  periods  corresponding  to  the  mean  motions.  By  a  simple 
computation  from  Leverrier's  tables  we  find  the  following  intervals  between  consecu- 
tive passages  of  the  earth  and  Mercury  through  the  common  nodes  during  the  first  half 
of  the  present  century : 

Interval  between  passages  of  Mercury  through  the  ascending  node  in  No- 
vember         87^969204 

Through  descending  node  in  May 87^.969046 

Interval  between  successive  passages  of  the  earth  through  the  ascending 

node  in  November      - 365^254268 

Interval  for  descending  node  in  May 365^254147 

If  we  develop  the  ratio  of  each  of  these  pairs  of  periods  as  a  continued  fraction, 
we  liave  tlie  following  results : 

NOVEMBER. 

Ratio  of  Periods  rz 

6  + J 

"J  II 

MAY. 

Ratio  of  Periods  =: 

I 

4  + 1 

6  + , 

•+ 1 

4    " 


. 
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The  converging  fractions  for  eacli  period,  so  far  as  it  is  necessary  to  carr}''  them 
for  our  present  purpose,  are 

1         A         7  13  33_         _46  171         PI 

4'        25'        29'        54'         137'        191'        "710'        901' 

These  fractions  are  common  to  tlie  extent  to  which  we  have  carried  them,  but 
beyond  this  point  we  should  have  different  convergents  for  May  and  November. 

The  first  ratio  to  be  considered  is  46  :  191.  It  shows  that  at  the  end  of  forty-six 
yeai-s  Mercury  will  have  made  nearly  191   revolutions,  so  that  the  two  bodies  will 
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have  returned  nearly  to  their  original  positions.  The  number  of  conjunctions  will 
have  been  145,  which  is  therefore  the  number  of  conjunction  points  when  this  system 
is  adopted.  In  order  that  each  conjunction  may  occur  at  one  of  these  145  points,  we 
must  attribute  a  suitable  motion  to  the  whole  system.  This  motion  may  be  best  con- 
ceived by  determining  tlie  intervals  between  consecutive  passages  of  tlie  conjunction 
points  through  the  node,  an  interval  which  is  given  by  the  equation     . 

T  and  T'  being  the  penodic  times  of  Mercury  and  the  earth,  respectively,  and  i  and  i' 
the  chosen  coefficients;  in  the  present  case  191  and  46. 
Froni  the  preceding  values  of  T  and  T'  we  have 

d. 

191  T  for  November =1 6802. 1179 

May =1  16802.0877 

46  T'  for  November =  1680 1.6963 

May    • =  16801.6908 

We  thus  find : 

For  November  transits    -     -     -     -     I  iz  208.6  years. 

For  May  transits 1  =  221. 6  years. 

The  value  of  I  for  November  is  gradually  increasing,  and  that  for  May  gradually 
diminishing,  in  consequence  of  the  secular  recession  of  the  peril^glion  from  the  node. 

The  last  passage  of  a  November  conjunction  point  through  the  ascending  node 
occurred  about  the  year  1776.  The  adjacent  point  will  therefore  pass  the  node  f^bout 
the  year  1985.  At  the  present  time,  1882,  the  node  is  about  half  way  between  these 
points.  The  limits  within  which  a  November  transit  may  occur  are  distant  a  little 
more  than  four  intervals  between  conjunction  points.  Hence,  at  the  present  time,  four 
transits  occur  during  each  46-year  period. 

The  last  passage  of  a  May  conjunction  point  through  the  descending  node  occurred 
about  1725;  the  next  will  therefore  occur  about  1946.  Only  two  May  transits  can 
occur  during  the  46-year  period. 

The  conditions  under  which  transits  will  recur  for  several  centuries  may  be  con- 
ceived by  tho.  following  scheme.  The  horizontal  lines  are  those  along  which  Mercury 
may  be  supposed  to  pass  as  it  crosses  the  several  conjunction  points.  The  planet 
must  be  supposed  to  pass  along  each  of  these  lines  in  Nov6mber  of  every  46th  year, 
in  an  indefinite  series.  The  dates  of  several  passages  are  given  at  the  right  of  the 
line,  and  the  series  may  be  continued  at  pleasure  in  either  direction. 

Thirty-three  years  after  passing  each  line  it  passes  along  the  next  line  below. 
Thirteen  years  after  passing  each  line  it  passes  along  the  line  next  above.  Thus  all 
the  passages  along  these  six  lines  may  be  indefinitely  continued,  and  additional  lines 
may  be  added  above  and  below. 

The  sun  must  be  supposed  to  move  downward  across  the  lines  at  such  a  rate  that 
it  passes  over  the  space  between  two  lines  in  208.6  years.  The  line  on  the  left  repre- 
sents the  sun's  vertical  diameter,  the  position  being  that  which  it  occupies  in  1800. 
Its  length  is  about  4A-  spaces  between  the  horizontal  lines.     Its  downward  motion  is 
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such  that  the  north  end  passed  tlie  fii-st  conjunction  point  about  1 794,  and  its  south 
end  crossed  the  fifth  conjunction  point  about  1 764.  The  passages  of  each  end  over 
the  conjunction  lines  are  given  on  the  diagrams,  the  intervals  being  208.6  years,  with 
'a  minute  increase  in  future  centuries.  These  motions  being  supposed,  we  have  the 
following  rule  for  predicting  transits.  Every  time  that  the  planet  in  its  passage  along  a 
conjunction  line,  strikes  the  sun^s  diameter  there  will  be  a  transit  across  the  disk. 

If  it  passes  near  the  end  of  the  diameter  without  striking  it  there  will  be  a  near 
approach  to  the  sun.  If  the  passage  across  the  transit  occurs  near  the  center  of  the 
diameter,  the  transit  will  be  a  nearly  central  one.  Thus  one  can,  in  a  few  minutes, 
map  out  all  the  transits  and  all  the  near  approaches  to  the  sun  which  are  to  occur  for 
several  thousand  years,  with  a  close  approach  to  precision.  It  will  be  noticed  that 
there  is  for  each  conjunction  point  a  period  of  864  years,  during  which  the  sun  is  in 
such  a  position  that  the  planet  will  strike  it  at  each  passage.  By  continuing  the  series 
the  limiting  dates  can  thus  be  computed  for  each  point.  The  dates  of  passage  of  Mer- 
cury along  each  line  are  found  by  adding  to  any  one  line  the  quantity  33  +  46  t 
years  to  form  the  dates  for  the  lines  next  below.  Here  i  may  be  any  integer.  We 
thus  have  belonging  to  each  line  an  indefinite  system  of  numbers,  congruous  with 
respect  to  the  modulus  46.  Such  of  these  numbers  as  fall  within  the  interval  of  865 
years  between  the  two  dates  above  the  line  will  correspond  to  transits  of  the  planets 
The  first  date  of  the  series  will  be  very  near  the  south  limb.  A  date  corresponding 
exactly  to  that  given  on  the  line  will  indicate  a  case  in  which  the  planet  grazes  the 
sun's  limb;  dates  outfide  of  the  interval  will  indicate  approaches  more  or  less  near  the 
limb.  The  successive  transits  will  then  occur  nearer  and  nearer  the  sun's  center  for  a 
period  of  four  centuries,  when  the  line  will  pass  the  center  and  the  following  ones  of 
the  series  will  occur  near  the  north  limb. 

Scheme  for  November  transits. 

Transit  of        Transit  of 
South  Limb     North  Limb 

of  O  of  O 


N. 


930 


1794 


B 


Node  in  iScx)  -§ 


> 

G 


s. 


1 138 

2003 

'  1347 

2211 

>555 

2420 

1764 

2628 

1973 

2837 

2181 

3046 

1644,  1690,  1736,  1782,  1828,  etc. 


1677,  1723,  1769,  181 5,  i86j,  etc. 


1710,  1756,  1802,  1848,  1894,  etc. 


1743,  1789,  1835,  1881,  1927,  etc. 


1776,  1822,  1868,  1914,  i960,  etc. 


>993»  2039,  2085,  2 13 1,  2177,  etc 


2r64,  2210,  2256,  2302,  2348,  etc. 
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The  coiTesponding  scheme  for  May  transits  is  given  below.  The  two  points  in 
wliich  .the  schemes  diflfer  is  that  tlie  thirty-three  years'  interval  is  measured  in  thp 
opposite  direction  from  that  of  the  November  transits.  The  motion  of  the  node  being 
also  reversed,  the  diagram  itself  is  inverted,  so  that  the  motion  sliall  be  downward. 
The  north  end  of  the  sun's  diameter  is  the  lower  one.  Moreover  the  length  of  the 
diameter  line  instead  of  being  equal  to  four  spaces  between  the  horizontal  lines,  is  equal 
to  a  little  less  than  two. 

The  successive  transits  are  now  determined  in  the  same  way  as  the  November 

ones,  but  owing  to  the  diminished  relative  length  of  the  sun's  diameter  there  will  be 

fewer  transits  along  each  line.     Moreover  the  first  transit  of  eacli  series  will  occur  near 

the  sun's  north  limb. 

Scheme  for  May  transits. 
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1628,  1674,  1720,  etc. 


1707,  1753,  1799,  1845,  1891,  etc. 


1740,  1786,  1832,  1878,  1924,  etc. 


i957i  2003,  2049,  2095,  2141,  etc. 


2174,  2220,  2266,  2312,  2358,  etc. 


2391,  2437,  2483,  2529,  2575,  etc. 


2608,  2654,  2700,  2746,  2792,  etc. 

The  next  higher  system  of  conjunction  points  which  it  is  advantageous  to  consider 
is  that  corresponding  to  the  ratio  21 7:901.  This  ratio  is  obtained  by  supposing  the  last 
denominator  of  each  continued  fraction  to  be  4.  It  expresses  so  nearly  the  relative 
motion  of  the  earth  and  Mercury  from  their  common  node,  that  it  is  a  little  too  great 
for  the  one  node  and  a  little  too  small  for  the  other.  The  corresponding  number  of 
conjunction  points  is  684.  We  may  therefore  say  that,  as  a  rule,  217  years  after  each 
transit  there  will  be  another  transit  over  the  same  part  of  the  solar  disk. 

Two  plates  are  appended  hereto  showing  the  apparent  paths  of  Mercury  over  the 
disk  of  the  sun  during  all  the  transits  from  1667  to  1881  inclusive,  which  constitute 
one  series  of  2 1 7  years.  At  the  end  of  this  period  the  transits  are  repeated.  To  find 
the  slight  deviation  of  the  new  series  from  the  old  one,  we  note  that  the  last  denomi- 
nator (  4 —  -  )  in  the  continued  fraction  expressing  the  ratio  for  the  November  tran- 
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sits,  shows  that  at  the  end  of  the  period  the  remaining  transit  will  fall  about  i  of  the 
46  years'  interval  below  the  transit  217  years  preceding.  These  recurring  transits  ai'e 
shown  by  two  dotted  lines  near  the  points  of  egress  and  ingress  with  the  correspond- 
ing years. 

In  the  case  of  May  transits  the  fraction  is  about    -    so  that  the  coincidence  will 

10, 

be  relatively  closer.  The  diagrams  give  all  the  transits  within  the  interval,  whether 
observed  or  not.  Those  which  have  not  been  observed  are  indicated  by  dotted  lines. 
In  cases  where  only  one  of  the  phases,  egress  or  ingress,  has  been  observed,  one-half 
of  the  line  is  dotted  and  the  other  half  is  left  entire. 

In  the  case  of  the  past  and  future  series  of  May  transits,  namely,  those  before 
1707  and  those  after  1881,  it  may  be  remarked  that  the  dates  are  on  the  wrong  side 
of  the  lines.  For  instance,  in  1924  the  path  will  be  a  little  north  of  what  it  was 
in  1707.  Neglecting  inequalities,  the  change  should  be  one-tenth  the  space  between 
two  consecutive  paths. 

The  times  given  on  each  path  are  those  of  the  middle  of  the  transit.  In  the  case  of 
observed  transits  these  times  are  the  actual  means,  to  the  nearest  minute,  between 
internal  contact  at  ingress  and  at  egress.  They  are,  therefore,  aflfected  by  small  ine- 
qualities arising  from  periodic  perturbations  by  Venus  and  the  other  planets.  In  the 
case  of  November  transits  these  perturbations  rarely  amount  to  a  minute,  so  that  they 
do  not  materially  affect  the  progression  of  the  given  times.  But  in  the  case  of  a  May- 
transit  the  effect  may  amount  to  several  minutes.  In  the  case  of  transits  which  have 
not  been  observed,  no  computation  of  the  times  has  been  made,  but  the  times  as  given 
are  derived  by  induction  from  the  transits  preceding  and  following. 

The  times  of  beginning  and  ending  may  be  obtained  by  subtracting  and  adding  the 
semi-duration  from  or  to  the  middle  times  given  on  the  diagram.  A  scale  at  the  bot- 
tom of  each  diagfram  will  enable  us  to  determine  the  duration  of  anv  transit  within 
one  or  two  minutes.  To  do  this  we  take  in  a  pair  of  dividers  the  length  of  the  chord 
described  by  the  planet  on  the  diagram,  and  find  the  corresponding  time  on  the  scale. 
This  time  will  be  the  duration  from  internal  contact  at  ingress  to  internal  contact  at 
egress.  It  may  be  expected  that  the  times  of  egress  and  ingress  thus  found  will  not, 
for  several  centuries,  be  more  than  three  or  four  minutes  in  error  for  the  November 
transits,  nor  more  than  five  or  six  minutes  for  the  May  transits.  Of  course  the  errors 
may  be  greater  when  the  chord  is  very  short. 

In  the  case  of  transits  outside  the  period  1 677-1 881  the  diagrams  give  only  the 
years.  But  the  times,  within  a  few  minutes,  may  be  found  by  adding  to  each  time 
during  the  given  period  : 

79260**  6^  24°"  for  November  transits. 
79260**  2*'   10"  for  May  transits. 
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We  thus  find  the  following  approximate  Greenwich  mean  times  of   middle  of 

transit  for  the  period  beginning  with  1891 : 

h,    m* 


I89I. 

May 

9. 

14  20. 

1894. 

Nov. 

10, 

6  36. 

1907. 

Nov. 

M, 

0  7. 
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Nov. 

7, 

0  5- 
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7. 
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14, 

4  53- 

1957- 

May 

5, 

13  12. 

i960. 

Nov. 
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5, 
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15, 
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6. 
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2006. 
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8, 
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9, 

3  0. 
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7, 
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8, 

14  32 

2062. 
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10, 

9  46. 
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Nov. 

II, 

8  II. 

2078. 

Nov. 

14, 

f  44. 

2085. 

Nov. 
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I  39- 
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8, 
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2098. 

Nov. 

9, 

19  21. 

2108. 
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16  30. 

(A  near  approach.) 


(Mercury  grazes  sun's  limb.) 


Bemarkable  transits, — By  tlie  aid  of  the  diagiams  we  are  enabled  on  sight  to  select 
transits  which  are  remarkable  from  any  circumstance  and  to  determine  those  .which 
are  visible  in  any  longitude. 

During  the  last  two  centuries  the  transits  in  which  Mercury  passed  at  the  shortest 
distance  within  the  sun's  limb  are  those  of  1776,  November  2,  and  1782,  November 
1 2.  The  two  transits  correspond  closely  in  their  general  features,  but  they  occurred 
near  opposite  limbs  of  the  sun.  That  of  1782  was  fully  observed  both  in  Europe  and 
America.  The  other  does  not  however  seem  to  have  been  observed  at  all,  although 
the  ingress  at  least  was  visible  throughout  the  United  States,  and  the  whole  transit  in 
the  Middle  and  Southern  States. 

A.  p.,  PAKT  VI 16 
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Following  up  the  series  of  transits,  which  commenced  with  that  of  1 776,  at  inter- 
vals of  forty-six  years,  we  find  the  duration  longer  and  longer.  The  next  transit  of 
the  series  will  occur  19 14,  November  7,  when  the  path  of  Mercury  will  be  nearly  the 
same  as  it  was  on  1697,  November  2. 

Among  the  unobserved  transits  it  is  most  surprising  that  that  of  1835  appears  to 
have  passed  unnoticed,  although  the  ingress  was  visible  all  over  the  United  States,  it 
having  occurred  about  Washington  noon. 

The  next  occasion  on  which  a  November  transit  as  near  the  sun's  limb  as  those  of 
1776  and  1782  will  occur  is  1999,  when  it  is  probable  that  Mercury  will  barely  enter 
upon  the  sun's  northern  limb. 

In  the  case  of  the  May  transits  there  will  be  no  remarkably  short  transit  for  a 
number  of  centuries.  That  of  1957  will  probably  be  the  shortest  during  the  next 
3(X)  years.  But  on  the  morning  of  1937,  May  1 1,  Mercury  will  pass  so  close  to  the 
sun  at  inferior  conjunction  that  it  may  almost  be  seen  projected  on  the  chromosphere. 
The  nearest  approach  to  the  sun's  limb  cannot  be  given  without  a  more  careful  com- 
putation from  the  tables.  It  is  however  certain  that  it  will  be  only  a  little  more  than 
a  minute  of  arc.  The  path  laid  down  on  the  diagram  is  obtained  by  simple  measure- 
ment, and  is  therefore  somewhat  uncertain. 

Until  the  question  of  possible  changes  in  the  earth's  axial  rotation  shall  be  placed 
on  a  firm  basis,  or  until  the  theory  of  the  moon's  mean  motion  shall  be  so  perfected 
that  these  changes  can  be  determined  with  precision  from  observations  of  that  satellite, 
transits  of  Mercury  must  be  regarded  with  the  greatest  interest  as  aflbrding  independ- 
ent determinations  of  the  variations  in  question.  The  November  transits  will  long 
be  most  favorable  for  this  purpose,  for  the  reason  that  the  series  of  observed  November 
transits  exiends  back  nearly  a  century  before  the  first  well-observed  May  transit.  It  is 
to  them  therefore  that  we  must  principally  look  for  light  upon  this  question.  The  next 
November  transit  will  be  that  of  1894.  It  will  be  very  favorable  for  this  purpose 
because  it  is  not  far  from  central.  Ingress  will  be  visible  over  the  American  continent, 
and  egress  at  points  west  of  the  Alleghenies.  The  transits  of  1907  and  19 14  will  be  less 
favorable  on  account  of  being  nearer  the  limb  of  the'sun.  That  of  1927  will  however 
be  again  favorable,  and,  in  may  be  hoped,  will  decide  the  question  at  issue. 

CORRIGENDA. 

Pfige  384,  Reduction  to  geocentric  phase  for  contacts  I  and  II,  for  -\-2g*.Q  read  —  25*.!,  and  carry  the  correction  forward. 
Page  405,  Reduction  for  Altona,  for  -\-5S*  read  -|-54*<  ^uid  carry  the  correction  forward. 
Page  406,  Contacts  II,  for  21^  3"  32*  rea<l  21^  3"  30V 

It  i8  also  to  be  remarked  that  the  list  of  longitudes  beginning  on  p.  374  does  not,  in  all  cases,  give  the  longitude  of  the  station  actually 
adopted,  it  having  been  sent  to  press  in  an  imperfect  state. 
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